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PREFACE. 

This work is intended to servo as a Manual for use in the Laboratory : hence, the aim has been 
to make the various parts as complete as possible, to meet the special objects in view. 

Part I contains a brief summary of the Principles of Chemistry and Chemical Analysis, 
necessary for a correct understanding of the processes in the practical work. 

Part II contains the Special Analyses prescribed by the Programme of Instruction. The 
methods selected are, as far as possible, those wliich combine accuracy with economy of time and 
simplicity. 

The list of works consulted not only serves to acknowledge my obligations in general, but also 
furnishes a table of books of reference for those who desire to pursue the subject further. My 
acknowledgements are due especially to the kindly interest, encouragement and instruction of 
Professor Kendrick, and of his successor. Professor Tillman, during my tour of duty as Instructor 
in the Department of Chemistry, Mineralogy, and Geology, at the United States Military Academy. 

JOHN P. WISSER, 
First Lieutenant First Artillery, 
UsiTED States Artillery School, Instructor. 

Fort Monroe, Va., February, 1883. 
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CORRIGENDA. 

Page 3, line 14, Change colon to semicolon, 
u 3, " 16, 
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14, " 28, read H — — H for ** H - OH. " 

H 

II I 

15, " 10, change symbol to H — — (C — C — H). 



H 

15, " 20, read Three for " Those. " 

16, " 5, read C, H, 0, for " C, H, 0. " 

20, ** 23, read Hyposulphurous for ** Hydrosulphuroiis. " 

20, " 26, read Salts tor " Salts. " 

22, •* 3, omit "by." 

24, " 1, omit *' tor the mercuric oxide thus formed. " 

25, " 7, change colon to semi-colon. 



,. 34, « 1, 

*' 34, " 15, read capillarity for " capilarity. " 



35, " 3, read Berzeliue for " Berzeluis. " 

38, " 23, read liquids for " fluids. " 

54, " 24, read salt for " salts. " 

57, •* 33, change colon to semi-colon. 

64, " 21, read wool for " wood. " 

65, " 32, read wire-gjauze for " wire-gauge. " 

67, " 35, read quantitative for " qualitative, " 

68, " 32*, read ebullition for " ebulition. " 
98, " 3, read desiccator for " dessicator. " 

103, *• 2, omit comma. 

106, " 23, omit comma. 

" 113, " 10, change comma to penod. 

" 116, ** .22, read emanations for " emenations. " 

*' 126, '* 12, insert to after " not. " 

" 134, " 8 from bottom, omit comma. 

" 136, ** 2, read grammes for " gramme. " 
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Many acid oxides unite with water to form acids. 

SO, + H, = H, SO,. 

Salts are compounds formed by replacing one or more of the replaceable hydrogen 
atoms in any acid, with metallic atoms, or basic radicals, 

H, SO, + Zn = Zn SO, + H,. 

or, by replacing one or more of the replaceable hydrogen atoms in any base, with 
non-metallic atoms, or acid radicals, 

Zn 0, H, + SO, = Zn SO, + H,. 

Salts are also formed by the direct union of acid and basic oxides, and by the 
double decomposition of compounds. 

A nonnal salt, is one formed by replacing all the replaceable hydrogen atoms of 
an acid by basic radicals, or all the replaceable hydrogen atoms of a base by acid 
radicals. 

H, CO, + K, = K, CO, + H,. 

2 K H + CO, = K, CO, + H, 0. 

A basic salt, is one formed by replacing only part of the replaceable hydrogen 
atoms of a base by acid radicals. 

acetic acid basic lead acetate 
Pb 0, H, + 0, H, 0, = Pb 0, (C, H, 0) H + H, 0. 

Another kind of basic salt, is one in which the number of molecules of acid oxide 
is less than the number of oxygen atoms in the basic oxide. Tri basic lead nitrate 
may be written 3 Pb 0. N, O^, in which there is one molecule of acid oxide, N, 0^, to 
three atoms of oxygen in the basic oxide 3 Pb 0. 

An acid salt, is one formed by replacing only part of the replaceable hydrogen 
atoms of an acid by basic radicals. 



acid potassium sulphate 
H, SO, -f K = H K SO, + H. 



Another kind of acid salt (called also an anhydro-salt) is one in which the number 
of molecules of acid oxide is greater than the number of oxygen atoms in the basic 
oxide. Sodium bi-sulpha<.e may be written Na, . 2 SO,, in which there are two 
molecules of acid oxide 2 SO, to one atom of oxygen in the basic oxide Na, 0. 

Binary compounds are named by placing after "he name of one of the elements, 
that of the other with the termination ide. In the case of compounds of oxygen, the 
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From the molecular weight of any acid we can easily deduce the molecular weight 
of all its salts. 

Secondly, by the Law of Even Numbers must be satisfied. Thus, the empirical for- 
mula of cyanogen is Civ N'^' ; but in this, the sum of the atomicities is an odd number, 
seven, hence its molecular formula must be some even multiple of this, asC,N,orC4 N^, 
etc. 

Thirdly, Its specific gravity when in a state of gas must be half its molecular 
weight. Thus, the specific gravity of acetic acid gas is nearly 80, referred to hydrogen ; 
hence, its molecular weight must be 60. Its molecular formula is, therefore, 0, H^ O,. 
The specific gravity of cyanogen gas is 26, its molecular weight is, therefore, 52, and 
its molecular formula must be C, N,. The empirical formula of benzene is C H, its 
specific gravity in the state of gas is about 89 ; hence, its molecular weight is 78, and 
its molecular formula must be C^ H,. 

When these methods are inapplicable, we attempt to find the symbol which 
expresses the composition in the simplest terms. Thus, the analysis of cane-sugar 
gives 

Carbon 42.06. 

Hydrogen 6.50. 
Oxygen • 51.44. 

The relative number of atoms will be, 

i^fft = 3.50 carbon, ^-^ = 6.50 hydrogen, ^{i^ = 3.22 oxygen ; 

but fractional atoms cannot exist, hence, the true numbers must be some multiple of 
these. The hydrogen and oxygen are evidently nearly in the proportion to form 
water, and the carbon and hydrogen are nearly in the proportion 12 : 22 ; therefore, 
we conclude the s3nnbol is C„ H„ On. For all we know it may be any multiple of 
this, but none of its reactions has contradicted the assumption that this is its formula 
and so it has been adopted. 

iBomerism. — Several compounds are said to be isomeric when they have the 

same percentage composition or empirical formula, but exhibit different properties. 

There are two classes ; first, those which have the same molecular weight ; second, 

those which have different molecular weights. 

The first class is subdivided into isomeric bodies proper and metameric bodies. 

Isomeric bodies have the same chemical properties but differ in physical properties^ 

Thus, Cio H„ is the symbol for the volatile oils of lemon, juniper, etc., differing only 

in odor and their action on polarized light. Again, calcium carbonate crystallises 

in two fundamentally distinct forms, as calcite and as aragonite. These differences 

are probably due to variations in the grouping of the molecules and not to ^r' 

differences in the molecules themselves. . '"*' ' 
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uy wHcn it sinks in pure water 10^. and the pz^int to which it sinks in a solution ot 
10 p<art« common salt in 90 part.« water U^. divi'ling the interval into ten equal 
parts and contiiiuing divisions of the same <iize along the rest of the scale. 

The degrees Beaame can be readilv converted into ?f»ee:fic gp*ayities. As the old 
me:h:-i for gradnatinkr hydrometers f^r iiqaid- heavier than watsris no longer used, 
ihr old tables, constructed by mean:? of the equation of Francoeur, and depending 
upon this method of graduation, are no 1»^l^c: o'* any use. 

To convert degrees Beaume into .^pe'/ific gravities, we now use, for liquids heavier 

than water, the formula 

144.3 
P= . 



144.3 — d 



146 



and for liquids lighter than water. 

P = . 

136 -rd 

In which P = specific gravity, and d = degrees Beaume. 



HYDROMETER TABLES. 
For Liquids Heavier tlian Water. 
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The salts of the alkaline metals! are all more or less soluble ; those of ammonium 
an? either volatile or dec^omposod by heat. 

The carbonates, in general, are all decomposed by heat except those of the alka- 
line metals, ami all are ins^^luble in wa\er except tho^e of the alkaline metals ; all 
are more or less soluble in water containing carbon dioxide, and all are decomposed 
bv the less volatile acids with etiervescence. 

The nitrati^ are all soluble and decomposed by heat. 

The sulphates are soluble, except tho.<e of barium, strontium, calcium, and lead. 
Thev are all insoluble in alcohol. 

Deliquescent salts, soluble, of course, in water, are also generally soluble in 
alcohol. Pot>iSsium carb^^nate is a marked exception. 

Tests for the Principal Bases and Acids. — To determine the presence of 
the various K^s^^ and acids in their compounds, in solution, certain simple tests are 
irenenilly applicable. This is jienerally the case with the impurities iu commercial 
pri\iucts. In the c;vse of more complex mixtures a course oi qualitative analysis 
mav Iv uivcssi^^rv, 

PoUu«iu}n. — Tartaric acid gives a white, crystalline precipitate, the formation 
of which is rromottni bv ai:itation and bv the addition of alcohol. Platinic chloride, 
with a little hydrochloric acid, if nev^ess^iry. gives a yellow precipitate, the formation 
of which is promote^! bv the addition o: auvh.-l. In very dilute solutions 24 hoarB 
will U» rt»quiriHl for the ion nation of either precipitate. 

v^»«iiM»?i. — A yellow ^.vlor is imp:irte\l to xhe v^ater dame of the blowpipe. Great 
can' must W taken in the a}>plication of this test, on account of the almost universal 
pr^\<cnco of so^lium. 

Atfun.^H9Uf>i. — When heate^l with v\iustic soda or lime, ammonia is given ofi 
which is nvogni^ed by it.'^ p^vuhar Ovlor, its alkaline r^iviion lo test-paper, and by 
the white tu.uos pnsluxtsl with hydnvhloric aoid. 

*Vf.';v \ Hydr.vhloric acivl piwluoes a white, cur.iy pi>?cipitate. turning black 
by e\p*vsmo to hijht, wl\iv*h is insv^litble m nitn.- a.td. bu; soluble in ammonia. 

(\}Iriu*u iKali*' acid piwluoos a white pnv:y;:Ale. inscluble in acetic acid. 

.V.»,T^>, .<;,'#'»» Ti\i' soluble p!.v\<phates, with a Mtt.e as:monia« produce a white 
cvxMalhuo pvc*MpUate. the tcnu:U;o:\ ot wlr.oh :s gtr.eray.y promoted by rubbing 
the Nhhv* ol the \osscl with a >;Iass n\l 

,;'«'».^ Sulplivdric acid, :uul liyd:v ,r.v.u.vv;*.,;:v. s;;:pV.i.ie. with excess of sodium 
hvdratc. piodu* c a wlutc pi\s '.p;;;Uc 

< Vr.s Auni»v»tu;^ ;u -luall xiuanv.tv. vrtwi^-.tates the creen hvdrate. but excess 

ol the »o:»v;cht MMbMs.xKos .?. McMiug a puvv'.>:;-K;:o sy.;:t:.^ri. Sulphydric acid, 
and hvdrt^ ninmomum Milpb.ul*^ \\c»a a b*.;;.'N vwv.v tate. ins.luble in excess of the 
tN>a)^M\t 

.|v\#-*r»»i;* •) \u\n^Mu\ \MNvln» OS a \x:;.:c gt'. a: ::**';;< p:>^v"':pitAte insoluble in 
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cheaper. Besides its principal use, lime water is used to detect carbon dioxide. 
which causes the toiination of a pellicle of calcium carbonate on the surface of the 
liquid when present in the atmosphere. 

Zinc, Zn. — Commercial zinc (spelter) is prepared largely from the native sul- 
phide. It is malleable between 120° and 150° C, and can be converted into sheets, 
or foil. Granulated zinc is prepared by dropping melted zinc into cold water. 

Zinc for analytical purposes, is tested by dissolving in sulphuric acid in a flask 
with a gas-evolution tube, the outer limb of whi^h is under water ; lead and copper 
remain undissolved ; when the action is couiplettj the water is allowed to recede 
into the flask ; after cooling, a dilute solution of potassium permanganate is added 
drop by drop, and, if a drop imparts the same red tint as to an equal volume of 
acidulated water, it is free from iron. 'Arsenic is detected by Marsh's apparatus; 
for analytical purposes not a trace of arsenic should be present. 

Zinc is used for the preparation of hydrogen, to precipitate copper and to reduce 
ferric to ferrous salts. 

Litharge, Pb 0. — Litharge is prepared by heating the metal with actress of air. 

[t should be dry and tree Irom red oxide. It should be assayed for silver, by fusing 

in a crucible 

Litharge 120 grammes. 

Soda t>() 

Charcoal 0.7 

covered with a layer of dried salt, one-quarter of an inch thick. The crucible is 
allowed to cool, and the lead button obtained is placed, in a bone-ash cupel, in the 
muffle of an assav furnace, and heated until all the lead is oxidised. The bead of 
silver remaining is weighed. Litharge is largely used in assaying. It acts as an 
oxidising and desulphurizing agent and a.s a basic flux. 

Salts. — Ammonium Carbonate, (NHJ, CO,. — This salt is prepared by heating 
ammonium chloride with calcium carbonate and condensing the volatile product. 
The commercial salt is prepared by the dry distillation of bones, horns, etc. 

When pure it should volatilize completely, and aft<»r super-saturation with nitric 
acid, it should not produce a precipitate with barium nitrate, silver nitrate, or sul- 
phydrir acid. It is used to precipitate the bases whose carbonates are insoluble. 
The solution used in analysis contains 1 part of the salt to 4 parts water. 

Ammoniuyn Chloride, NH^ . CI. — Prepared from the ammoniacal liquid of the 
gas works, by converting all ammonia salts into chlorides by the addition of hydro- 
chloric acid, evaporating to dryneas, heating to expel tarry matter, and purifying 
by sublimation. 

The pure salt should leave no nisidue on evaporation, should be neutral to test 
paper, and produce no precipitiite with nrnmonium hydro-sulphide. It is used in 
analysis to retain c«*rtain salts in solution by forming double compounds with them. 
The solution contains 1 part of the salt to 8 parts water. 



n-Mlucing &ff('.nt in the dry way and is extensivfly used to reduce compounds of the 
xn*iiii\H in assaying. It is pulverized in a mortar covered carefully with a towel aa 
the dust is very poisonous. For use in solution 1 part is dissolved in 4 parts water, 
and it is kejit in .*-topp»'red bottles. It forms precipitates with metallic salts and is 
ub^m] to Hf'paratt' metals in solution. 

Pot/iHHiam Ffirrnri/anlde, K^ Fe C, N, . 3 H, 0. — This salt is used extensively in 
analysis, as it forms precipitates with most metallic salts, which exhibit chamcter- 
istif! colors. The solution contains 1 part of the salt to 12 parts water. In acidified 
solutions it gives colored precipitates, thus: — 

Antimony, white. Copper, brown. 

Cobalt, yellowish-green. Iron, deep blue. 

Pofassium Nitrate, K N 0,. — Nitre is largely used as an oxidising agent. 
When used in assaying it is finely powdered, dried and assayed for its oxidising 
power. A crucible is charged with 

Nitre, 3 grammes. 

Charcoal. 1 

Litharge, 40 

Soda, 20 

covered with a layer of salt k inch thick, fused in a hot fire, removed, cooled and 
the button weighed. The dill'orence between the weight of the button obtained and 
that given in the assay of the charcoal, divided by three, gives the oxidising power 
of nitre j>er gramme. 

Anjol — crude aci<l potassium tartrate. — Acts as a basic flux and reducing agent. 
It is pulverized, drii'il, ami its reducing power detemiined. For this purpose a 
crucible is charged with 

Argol, 2 grammes. 

Litharge. 20 

Soda. 10 

ooveroil with a layer of salt } inch thick, fused in a hot fire, allowed to cool, the 
button oxt raited and weighed. Dividing by two, gives the amount of lead one 
gniuime will rotluoe I'rom litharge. 

Sihrr Xi(mft\ Ag Xl\. — Prepared by dissolving silver in nitric acid. For 
iK^luiiou 1 part ot the salt is diss.^l;ed in 20 parts water. It should be neutral to 
to<t paper, the soluti^'U left alter pre^ipit itiiig all the silver by means of hvdro- 
chloric av-i«l should leave no re-idue on evaporation, and should give no precipitate 
with sulphydri** acid. It is used to detei't auvl estimate chlorides. 
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/.i7mi/.t in prt^parotl in Holland from a species of lichen ; the gronnd lichens are 
t-nHit^nl witli urino und |'K)tAJ<h and allowed to ferment, producing a purple-red, the 
truo color of litmuH. this is then treated with lime and more urine and again fer- 
m(»n(<^l. pnnitioiiig tho hluo commercial article. The lime, and the ammonia 
I'rxHhu'tvl in tho formontution of the urine, being alkaline, alter the original red 
\vlor to hUuv 

/xV(«<* /i.'«<M«,< /m;>rTs art> pro|vired by dipping unsized pap<»r in infusion of litmus. 

When i»uoh pa)vr is immon^Hi in an acid the latter neutralizes the alkali, thus 
r^(orni»; th«> ori^in^l rod ^vlor; hen^^, its use in detecting free acid. 

ii*\} !ii'^ii^s ^c\uv^' i$ pro(V4ri\l by dipping unsized paper in eolation of litmus 
whwh h^s iH'on turu^ n^ with sulphuric acid. It is used to detect alkalies, which 
Uun \l blu^. 
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PART E 



SPECIAL MALYSES. 



SECTION 1. 

GUNPOWDEB. 

Gunpowder is a mechanical mixture of nitre, charcoal and sulphur. For military 
purposes the proportions of the ingredients used are 

Nitre, 75 ; Charcoal, 15 ; Sulphur, 10. 

Its composition does not differ much for that expressed by the formula 

2KN0, + 3C + S, 

which corresponds to the composition 

Nitre, 74.833 ; Charcoal, 13.324 ; Sulphur, 11.843. 

Composition of Gun Powder by Analysis. — Waltham Abbey Pebble Powder. 

Nitre, 74.67 

Charcoal, viz. Carbon 12.12 

Hydrogen, 0.42 14.22 

Oxygen, 1.45 

Ash, 0.23 

Sulphur, 10.07 

Water, 0.95 

Potassium Sulphate, 0.09 

100.00 

The ingredients of gunpowder do not act upon each other at ordinary tempera- 
tures, neither does the mixture explode readily by concussion, but when heated to 
H temperature of 31-6® C. or over, the elements arrange themselves in new forms. 
The principal chemical change which takes place, is the oxidation of the carbon at 

the expense of the oxygen of the nitre, and the explosive effect is largely due to this 

6 
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action, which not only produces a gas from solid material, ibvolving a great change 
of volume, but also producen great heat which expands the gas thus produced. 

In ordinary combustion the oxygen required is obtained from the air. It is 
possible, however, to have combustion without air : for there are several substances, 
containing a large amount of oiygen, and in which the oxygen-atoms are held in 
combination by such a feeble force that they give it up readily, which will furnish 
oxygen to a combustible as readily as the atmosphere and in a vastly more coiicen- 
trated form. Nitre is such a substance, one gramme of this salt contains 350 c. c. 
of oxygen, measured at 15° C. There are several other substances which contain 
considerable oxygen and give it up readily, but they either explode by percussion 
when mixed with combustibles (potassium chlorate), or absorb moisture from the 
atmosphere (sodium nitrate). 

Sulphur is used to give density and solidity to the grain, but its chief value arises 
from its great inflammability, thus facilitating ignition, and by its oxidation it 
increases the temperature, thus promoting combustion. Ii combines also with 
potassium, thus preventing the latter from combining with carbon dioxide which 
would diminish the gaseous products. 

Explosion. — Assuming the following simple expression for the explosion of 
gunpowder, the volume of gas produced by a given amount of gunpowder can be 
calculated. 

2 K N 0, + 3 C + S = SK, + 3 CO, + 2 N. 

Problem. — Required the volume of gas evolved in the explosion of one cubic 
centimeter of gunpowder, the gas being measured at the temperature produced by 
the explosion, 2200° C. 

Solution. — - The apparent specific gravity of gunpowder, that is, the weight of a 
given volume, including interstices, as compared with an equal volume of water, is 
about 0.9 or nearly unity ; hence, 1 c. c. weighs about 1 gramme. 

iBt Method. — 

270.2 Solid 4 volumes Gas 



2KN0, + 3C + S = K, S + SCO, -h2N 
By the principles of stochiometry, we have the proportion, 

^'^ : 4 :: to^ • x r^ .330 Litres = 330 c. c, measured at 0^ C, or, 
273 : 273 + 2200 : : 330 : y ^ 2990 o. c. Gas, measured at 2200° C. 
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acid equal to twice the weight of the graphite and heated in a water bath until yellow 
vapors cease to be evolved. The mass is allowed to cool, is washed, dried and 
ignited. It swells up and leaves finely-divided graphite. 

The normal solution of sulphuric acid is prepared by mixing about 300 c. c. of 
pure sulphuric acid of specific gravity 1.84, or thereabouts, with three or four times 
its volume of distilled water, allowing to cool and then diluting to 1 litre. 53 grms. 
of pure dry sodium carbonate, Na, CO,, are then dissolved and the solution diluted 
to 1 litre. 10 c. c. of this solution are placed in a small beaker with a few drops of 
litmus solution, and the sulphuric acid is added from a pipette graduated to-^^ c. c. 
.until the point of neutrality is reached. Suppose 8.9 c. c. are required, then 890 
c. c. of the acid solution made up to 1 litre wilt be of the required strength. 

Refined saltpetre need only be tested for chlorides, the most injurious of the 
impurities, because they are generally deliquescent salts, thus rendering the powder 
liable to absorb moisture. Generally the following is a sufficient test. A normal 
solution of silver nitrate is prepared, containing 170 grammes, to the litre. Ten 
grammes of the refined saltpetre are dissolved, and 1 e. v. of the standard silver 
nitrate solution is added. After standing for 24 hours it is filtered, and the liquid 
divided into two portions. To one silver nitrate is added, to the other solution of 
sodium chloride. One will produce a precipitate : if it is the silver salt, the nitre 
contains more than .00016 of its weight of sodium chloride; if it is the sodium 
chloride it contains less than this amount and is sufficiently pure for the manufacture 
of gunpowder. The solution of refined nitre should have no action on red or blue 
litmus paper. 

Sulphur. — The principal source of the sulphur of commerce is the native sulphur 
of the mines of Sicily, where it occurs in calcareous formations of Miocene age, 
associated with gypsum and rock-salt. It is separated from the earthy matter by 
fusion, or, when the ore is poor, by distillation, and then constitutes rough sulphur, 
in which form it is exported. It contains about 3 per cent, of foreign matter. 

Rough sulphur is usually purified by redistillation in an iron still, and conden- 
sation in a brick chamber in the solid state as subh/ncd sulphur (flowers of sulphur), 
which is afterwards melted and cast into moulds forming roll sulphur. But for the 
manufacture of gunpowder the sulphur is heated in an iron still and collected in 
the liquid form in a small receiver cooled by water, as distilled sulphur. Sublimed 
sulphur contains a large proportion of the variety insoluble in carbon bisulphide, 
or electro-positive sulphur, whereas distilled sulphur consi-sts entirely of the soluble 
or electro- negative variety. The electro- positive does not act as well in gunpowder 
AS the electro-negative, the reason seems to be that this variety is liable to contain 
sulphurous and sulj)huric acid vapors, and also because the electrinl state deter- 
mines the chemical action of the elements. 

The purity of crude sul[>hur is determined by heating and burning -0 grammes 
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filtered on paper dried at 120° C. The precipitate is thorougbly washed and dried, 
then placed, with the filter, in a drying apparatus at 120° C, and heated until its 
weight becomes constant. The lead is computed from the lead sulpkate thus 
obtained. 

The copper is best determined by the gravimetric method. This gives the moet 
accurate results, but requires consiJerable time and care in conducting the opera- 
tionfi. For rapid work the volumetric method is preferred. 

Gravimetric Method, — The filtrate from the lead sulphate, which should contain 
free sulphuric acid to prevent the precipitation of zinc, if present, is diluted in a 
beaker, heated to boiling, and a current of sulphy Jric acid passed through it, taking 
care to cover the vessel with a plate of glass to prevent oxidation. When all the 
copper is precipitated the conducting tube of the sulphydric acid apparatus is 
detached and left in the beaker ; the liquid is filtered, the filtrate being received 
into an evaporating dish. Both the filter, during filtration, and the beaker con* 
taining the precipitate, must be carefully covered with a glass plate to prevent 
oxidation, and the filtration must be conducted as rapidly as possible. The precip- 
itate is transferred as completely as possible to the filter, and is washed on the 
filter with cold water containing a few drops of sulphydric acid. If the last portions 
of liquid produce a turbidity in the filtrate, oxidation has taken place; therefore the 
operation is a failure and must be repeated. The precipitate is dried, rubbed from 
the filter into a weighed Rose's porcelain crucible, the filter is burned on the cover 
and the ashes are added to the contents of the crucible ; a few centigrammes of 
flowers of sulphur are mixed with the contents. The crucible is covered with the 
perforated lid, to which a porcelain tube is attached connected with an apparatus 
for generating hydrogen, {^Fw. 3, Fl. V). As soon as the hydrogen has expelled 
the air. the crucible is heated to redness. It is then allowed to cool in the atmos- 
phere of hydrogen and weighed. The copper is computed from the cuprous 
sulphide. Cii, S. thus obtained. 

T'-.'uvi *.''•*;.* Mtihc-ii. — This method depends upon the reduction of an ammoni* 
seal EOiuiicn of a cupric sal: by means of potassium cyanide, the color slowly 
disaij'earir.g in eonsequenoe o:" the lormarion o:' cupro-am'Jionium cyanide. 

4 Cm ^,N0,\ -- S K CX - 4 < XH, . HO = 4 Cu CX -p S KXO, + 

2 XH. CX - 2 XH. C X - 2 H, 0. 

The rc,"^^::ci: rer:e.sor*:5 :r.e siinp-e changes tha: take p.a.e. thoutrh. in reality, 
the chaL^vS are E:u:h mere ccr..plex. the ul::in;\:e product boini cupro-ammonium 
cvaniie. Cu CX . XH, CX. 

Tie £l:ri:e :rm the '.e;\i sV.phrite is eva^vrAtei to drynei^. taken up with 
a::c.:.:*:ri w:.::r. ;i-i .-.z:n::r.:a a;:e-l:.^ yrtv:v::c-.:e :lo ir.n. The preoipitate is 
al- c w r i : : ^c : : ': e . : h e ?^ . 1 u : : : r is d ■:•; ^ r. : e .1 a r. ^i f. Iter •: .: . ;i :: A the :e rr i c o x i ie very 
pare:ully wisiiei. The rre::p::^:«: is wr«hcd Vy mc.ir.s c: a wasii-b-o:ue, into a 
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filtered ; and the precipitate is washed with boiling water, dried, heated to a red 
heat (the filter ignited separately), and weighed. The zinc is computed from the 
sine oxide, Zn 0, thus obtained. 

Each metal, in this process, must be coviplctely precipitated from the- succeesivB 
filtrates ; the filtrates must therefore be carefully t*^sted for the metal last sepa- 
rated, and if traces are found, more of the proper reagent is i»dded to effect the 
complete precipitation. 



SECTION 3. 

Iron. 

Iron occurs native, generally in grains disseminated through igneous rocks, some- 
times in masses weighing a ton. In meteoric iron it is usually alloyed with nickel. 
Its most abundant ores are the following, which, when pure ccmjounds, contain 
the annexed percentages of iron by calculation : — siderite or spathic iron ore, Fe 
COj, containing 48 per cent, of iron ; hematite or specular iron ore, Fe, 0„ contain- 
ing 70 per cent, of iron ; limonite or brown hematite, 2 Fe, 0, . 3 H, 0, containing 
• 59.8 per cent, of iron ; magnetite, Fe, 0^, containing 72.4 per cent, of iron. 

These ores generally contain clay and other impurities, the most important of 
which are lime, magnesia, silica, alumina, phosphorus, sulphur, manv^anese and 
organic matter. 

It is necessary to determine the iron and the impurities in an ore, in order to 
determine the value of the ore, its proper method of treatment, and the quality of 
the iron obtainable. If the gangue, as a whole, be either acid or basic, it will be 
infusible ; whereas it should have about the same degree of fusibility as the cast- 
iron, in order that they may pass the bla^t pipes together, the slag thus protecting 
the iron from oxidation. 

To produce this fusibility of the slag a flux is added. If the gangue is basic 
that is, ivntains much limestone, which will leave lime under the action of heat, 
an aciJ ilux, such as silica, is addei) ; if it is acid, that is, contains much siliceous 
matter, u basic tlux, such as limestone, is added. The slag is principally calcium 
silicate. In case the gangue is siliceous, there would also be a loss of iron if no flux 
were added, for part ot the iron would combine with the silica forming a fusible 
•lai: ot irvMi silicate. 

The most objectionable impuriti»*s. alTecting the quality of the resulting iron, are 
sulphur and ph«>sphorus. the former rendering iron brittle when hot (red-short or 
hot-short\ the latter reiulorii^j: it brittle wheucoM ^ooUl-shortV Manganese affects 
the qu.\lity ot the iron rrvviiu^Hl. but its action is imperfectly understood. When 
addevl to cast-steel .v.lv tm^^s of it pass into the s:eel. the bulk ol it going into the 
•lag. apt>arx*ntly carry.ng the sulphur and ph^v^phoras with it. 
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The crucible is then completely filled with diy powdered charcoal, and covered 
with a circular piece of charcoal pierced with holes for the escape of the gases. 
The crucible is then placed in a furnace, surrounded with charcoal, and heated 
gradnallv to a red heat. It is allowed to remain so for 1} hours, wh'^n it is taken 
from the furnace while still hot, allowed to cool, the cover removed after cooling, 
and the button extracted. The slag is pulverized and anv particles of iron it may 
contain are extracted by means of a magnet, and weighed with the button. 

With a well selected charge, the slag is light colored and the button compact and 
light gray or white in the fracture. With a charge too basic, the slag is earthy and 
the button soft and filled with scales of graphite. With a charge too acid, the slag 
is gr^en or blaok, and the button tough and malleable. 

A violet or brown color in the slag indicates manpanese : sink holes in the upper 
surface of the button and a white surface of fracture indicates sulphur; a smooth 
outer surface of the button, a white surface of fracture and great brittleness 
indicate phi}sphcrus, 

Anmlywim in the ITITet Way. — For this purpose the ore is further pulverized 
br rubbini: in an acare mortar until it ceases to feel srrittv. 

Detanniiimtioii of Volatile Matter. — It Ls not generally necessary to deter- 
mined water. orga:»;o n:at:er. oarbcn dioxide, etc., separat<^Iy : but these may be 
de:erminx\l vvIlev.'Uve> as ixMjriW maiter. 

A r)atinun\ cruoible is heated to whitenea?. cooled, and weighed. 10 grammes of 
the subst^WKV ;\re j\Av>evi in it and hejktevi to redness :or cne hear. The crucible is 
T^tuovevt tWni the heat, covered, allowed to ccol. And w^:*:hed. 

SoIutioiL -- Mv>*: ore* an? su5.':en:> decoapciaKe by acids, especially by 
vvn.vtur*tt\l hv.lrvvh!or*,c Avivi. bu: the v*re nius: ce dr-ely pulverized, and the acid 
of pn.^wr strx^nisth. I: :s also well :o j:e:::ly And ccntinuocsly shake the solution, 
while :5 vs Wir*: w^rraevl at 50"'' 0. ir. case o: Lvir.xilcrlc iv^ii. a: lOi^ C. in case 
ot sulphur;^ acul. In cAse the ore vvntazns crv^u:::: =Li::er. rcasting should precede 

l:i OA:i*' the rv*'..;ue ^f arv. :s xvl.*re\:. :t is £.:ered f::=i the aclution. washed, 
vi"u\? *v.d au^jvr.-itevi w::h tlu-- f.ltcr :r. jb vlA::ru:v. I sj: I: :: still remains red, 
!\"i*.',^ o: ;h* i:vv. h^s rv.v.Airtsl ;;Vxl;<5:\"lvoi It :s tj^n :*.:.><>i in a rl:i::niLm dish 
w-.,V, :l\o iiu^.iw 'ts >\7^*j:'.: or' tvu*5J^\^s.\l..- CArbcrit;? u*:.l cis buccles no longer 
i«v.'.t*v N^s5t\»l\vv5 *v. xiAtx'r tr.^rvVr'w; t.* jb :vr->:'i.:r. .: ?li. ,-JLre:ullv treated with 
a*.' ,1 ; o >i  S'"<ol \ ?f ; h c v. ^ o t .^ ' > ox  1 1 v r* , <x: : o »l r y *: »f s;?, n: ,* >: ^ -^-.i wi: c. acid .and. after 
a .1 vl . : o •.». vv; >* a ; o v r/. . v ^ \\l v w v,\ ; V. o i< ' •. .a » 1". e "^.1 1 n:*? ls iil^i to the origi nal 

I>etermtiMtiv>a oi the ItVA. V>-,*\^ *:>? t%.* vr vr.^il T^/.umecrlc methods 

" A\  ,' " ,* ' . 1 ^ v ' '.'•,' . , . • v^- . •■ . '. . - ■. . • -> rr •••.': *.•• •"c^^.i-xi. and the 






— BSL- 

Separation of Ferrous and Ferric Oxide. — Two samples are dissolved in 
the apparatus represented in lig. 4, PI. V; in one the ferrous oxide is determibed 
by the permanganate method, in the other the ferric oxide by the stannous chloride 
method. Or. the total iron mav be determined by either method, and either the 
ferrous or ferric oxide by the method relating thereto ; the other being then deter- 
mineii bv ditference. 

« 

Determination of Silica, Alnmlna, Bffagnesia, Calcinm, and Manganese^ 
in the absence of other heavy and earth metals. — One to two grammes of 
ore are dissolveii in warm hydrochloric acid as already explained, and, if the ore 
contains ferrous oxide, nitric acid is added, the solution evaporated to dryness, the 
residue warmed with some concentrated hydrochloric acid, diluted with watar till 
all salts are dissolyod. filtered, and the residue carefully washed with pure water. 
The residue is dried on the lilter, the filter burnt and then ignited in a platinum 
crucible, at tir^t gently, then strongly. If the residue is white it is weighed as 
SILJOA. Si 0,. If it is colorotl it is fused with fiye time^its weight of potassio-sodic 
carbonate and washed on a lilter. The tiltrate is added to the solution pi-eviously 
obtainevl. while the residue ot silica is washed till pure, ignited and weighed. 

lu case the solutiv^n con tains /Vrro«<*< chloride, ^determined by testing a drop with 
K^ Fe 0, N, on a jvrwlain cvwer ■;— indioaied by a blu? t-oloraiion ). it is boiled with 
nitric acid as betore. The ferric chK'^nde solution, not too concentrated, after cooling 
1* neu:ralift\l bv adviiuk; soilium oarK^nate solution very slowlv and carefullv, as 
far as is jvv^iblo without prv\luoing a precipitate. Then, to one gramme ore dis- 
s^^ive\l. i c. c. co:u"v :i; rat evl a^vtic acid auvi } ^rr^mnie so-iium acetate are added, and 
the Sk^lution heatovl :u a jv^rwUin dish to boiling. The piwoipiiate, consisting of 
terru* oxsde. aluuiiiia. a!id pV.^vphorio acid, is allowed to settle, the colorless solution 
:* v'.ecAv.txsl aud imsscvI thrv^ich a tilter, and the i^reviritate is washed bv continued 
de<*An:atu*v. w:;h hv^: WAtor cvMi:ain:nj:!^>d:;iu; aceia:e. the las: washings being tested 
tor s-hlv^riiic For tr^e dc:cnu;ni\:io:i o: the alu::i:nA in :hr t^re-Jiritaie. it is dissolved 
;tt :he s:v,Ar*c>: v|xia!iv.:y o: ::YdrvvhIor:o a.;. I heare-i is a por.'^lain dish to boiling, 
av/.:uo:v.A :* addcvi iv. s-i^jV.: ex>v<<<. tV.e svvuti.-'" bv:'.t>i. alI:Tre-J to settle, filtered. 
a:ul the rrvv'U':!H:c \\;is:iCNl s^ vv^iv.y loudly \v;:h i\-/.:::a: wa:er. t hit:, after acidification 
w:th :v.:r;o. aoul vo: tho >*,•.»:■:: est olo;:vi:v.-,'s;> :s v:v-,lu.\'i ::: ihr wjishincs bv silver 
r.v.^:^* ,V:\t xltyvc. the vrtH';p:tcite .< r^tu.vo^i jt< cccit Ictrly as possible from 
:ho r/.:',^r. ;he r.*.;or ; ;;r:;t ,;v,.l :hc i^rxv:v.t;^t^ c:.te,t :z i y«:r^?liLz .^racible until 
the ^\c'.;h: :viv..i:r> ,v -.s^.^.-.t. Aiid >%o •ji.e'.i This .s :h^' tt^.^'- c: the ferric oxide. 
.,,.... \ ,*..,. \ ..sT^* ,.* » -> ,•* .ni » -*% >.*,,, s, ...N w t^ ^~«'' -y - ... ^ — zst ati<^ iasc, ileter* 
-i.ruv. s\v v.u.:xv.* »::\x?v s.:;^:rA,u\x '.:v«- t.v Wi'^:-: c: t«e r«s£iae. gives the 

K^ ***** •»* _ 

iO .- N — '^•« s s ,.v .,\, ..X . \N j..». ,.. ^ , , .X r;..A. :t:. . seven; drops of 
V;\*ci;.i^ v.y a.M^v* , 1. .*.',;. ox^ :s >*s>'! >;::;x\: ><:'\vril ir^rij .: si>ii:im carbonate 
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Twenty-five c. c. of the molvbdate solution are warmed to 100^ C. in a water-bath^ 
in a second water-bath the iron solution is heated to the same temperature ; the 
latter is added to the former, and the heating continued for 20 minuter. (A small 
portion of the solution is tested by adding more warm molybdate solution to see if 
any farther precipitation results). A filter is clamped between two watch-glasses, 
dried at 120^ C. in the air bath, and the whole weighed. The precipitate is placed 
on this filter, washed with water containing two volume-per-cent. of nitric acid till 
all iron is removed, then three or four times with alcohol. It is then dried between 
the watch-glasses at 120^ C. for 25 minute?, allowed to cool in an ejcsiccator and 
weighed. It consists, after drying, of potassium phospho-molybdate, 3 K, O . P, 
0| . 22 Mo 0,, from which the percentage of P, 0^ may be computed. 



Datorminatioii of Sulphur. — A solution of 10 grammes pure potassium 
chlorate (free from H, SOJ in 200 c. c. water is prepared and poured upon five 
grammes finely -pulverized ore in a capacious beaker. The solution is heated to 
boiling, 60 c. c. hydrochloric acid are slowly added, keeping up the boiling. The 
boiling is continued for one hour, more acid being added if necessary, and then the 
solution is evaporated to dryness in a water-bath. The residue is moistened with 
10 c. c. hydrochloric acid and 30 c. c. water, and warmed in the water-bath till the 
ierric chloride is dissolved. The solution is then diluted with 20 c. c. water and 
filten>d. [If the residue contains calcium sulphate it is warmed with 5 c. c. hydro- 
chloric acid and 15 c. c. water, in a boiling hot wat«r-bath, lor 2 hours, with continued 
stirring, the solution filtered and the residue washed with warm water without 
bringing it on the filter, the washings and filtrate being added to the filtrate 
previously obtained]. 

The fihrate is heated to boiling. 2 to 4 c. c. barium chloride solution are added, 
the solution is kept at boiling for a tew minutec. aUowed to cool, 10 c. c. ammonia 
(sp. gr. 0.9o^ are adde^i. the whole well stirred and allowed to stand in a warm 
place for at least 24 hvvur^ The clear liquid is poured off through a small filter, 
the pr^npiute washed in the glass, first with cold, finally with hot water, till silver 
nitrate no longer i>r>xluoes cloudiness in the washings^ It is then washed upon the 
filter with hot water, dried, ignited in a porwlain crucible (the filter separately), 
and weij(hed. It von$i$t$ of Ba SO^ m>m which the peiventage of sulphur is 
cv>mputed. 

DManniilAtioil of M tnginnii — This pnx^es consists in precipitating the 
m«ncanoi$e as m;ftugane$e dioxide^. Mn O^ r^ucing and ledissolvicg this precipitate 
by treatment with an acid scuutiv^n of a rVrroos salt, the strength oi which is known, 

Mu O. ^ 2 Fe ^ Mn O ^ Fe, C\ 

determining th<? Amount o:* ;r\ n rvv^u:rx>l :or r\\iu.:;oc. by estimatiiig the amount 
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Analysis of Commercial Iron. 

Commercial iron usually falls under the three classes, cast-iron, wrought-iron, and 
steel. The first contiiins the largest proportion of carbon, and is represented by 
Fcj C, approximately ; steel is represented by Fe,^ C, and wrought-iron is nearly 
pure iron, although it generally contains a small percentage of carbon. 

The most important impurities in commercial iron are sulphur, phosphorus, silicon 
and manganese. Sulphur and phosphorus have a deteriorating effect on the strength 
and tenacity. Manganese (and carbon and silicon in a less degree) diminishes the 
effect produced by phosphorus and sulphur. Carbon modifies this action. Steel 
with 0.5 per cent. C and upwards and at the same time more than 0.1 per cent S 
will be red-short, and with more than 0.1 per cent. P cold-short ; even 0.03 per 
cent, renders steol useless for tools of fine temper. If much manganese is present 
tlio poiTcutago of P may rise higher, but such steel cannot be tempered. 

The effect of silicon is far less marked and is moilified by carbon ; 2 per cent, is 
found in good rails. Si and Mn prevent extrusion of gases and hence prevent 
honoy -combing in the cooling of molten steel. C and Si, 0.5 to 1.0 per cent, 
pixMluiH* hot and cold shortness. 

Sample for Analysis, — The .^mple is obtained by means of a hard English 
filo i\\\k\ ooliiv'tod on papor; or by pulvorixation in a hard steel mortar. The prin- 
cipal i\u\slituohts \o ho dotcrminod are iron, carbon i^free and combined), silicium, 
phiviphoruM. sulphur and niatigancso. 

Tho iivn is dotorn\incil as in iivn orx^s. 
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potash apparatus is inserted in place, without connecting with the aspirator, the 
tube c is removed, and 10 c. c. of a solution of chromic acid, composed of 30 grammes 
acid to 100 c. c. wat^r, is carefully allowed to pass through b into a. The stop-cock 
of b is closed, 50 c. c. concentrated sulphuric acid are placed in the funnel, a small 
quantity of which is passed carefully into the chromic acid solution, shaken up, and 
the rest of the acid slowly added. The stop-cock of the funnel is closed and a is 
gently warmed. The clamp between a and d is of coarse open during these opera- 
tions. The evolution of gas is regulated so that two or three bubbles pass through 
d per second. In about 1} hours the evolution of gas ceases, the solution is then 
heated to boiling for several minutes, the tube c is again placed on 6, the clamp 
between a and d closed, the heat removed an«l the stop-cock of b opened. Mean- 
while, the aspirator is again attached to g, and when a has become cool, the clamp 
and stop-cock of the aspirator are opened and 4 litres air are drawn through the 
apparatus. The potash apparatus is removed and again weighed, its increase in 
weight being the weight of the carbon dioxide, CO,, evolved, from which the amount 
of carbon can be computed. 

Qraphite. — The same quantity of iron is employed as .in the determination of 
the total carbon. It is dissolved in dilute hydrochloric acid, heated to boiling, the 
residue collected on an asbestos filter as before, and washed with hot water till 
silver nitrate no longer produces cloudiness in the washing. It is then washed 
with dilute caustic potash five times or more, till the filtrate is colorless, then with 
alcohol, then with ether, and finally with water. The graphite is determined by 
oxidation in the apparatus and by the method used for determining the total carbon. 

The difference between the total carbon and the free carbon, or graphite, deter- 
mines the combined carbon. 

Color Test for Carbon in Iron and Steal — The iron to be tested is finely 
divided by filing, pulverization in a steel mortar, etc. Test-tubes, 120 mm. in 
length and 15 mm. in diameter, are cleaned with filter paper. 0.1 gramme wrought 
iron or steel, or 0.05 gramme white pig iron, is carefully weighed, put into one of 
the tubes, and 2.5 c. c, or more, of nitric acid (sp. gr. 1.2) are added. For iron 
containing 0.25 per cent, carbon 2.5 c. c. are used for each 0.1 gramme, for iron 
containing 0.30 per cent. 3 c. c, for iron containing 0.50 per cent. 3.5 c. c, and 
finally for iron containing 0.70 per cent. 4.0 c. c. For steels with more carbon, or 
for pig iron 5 c.'c. for every 0.1 gramme. The acid may be measured off* in a little 
measuring flask of 10 mm. diameter and 75 mm. length, graduated to i c. c. 

The tubes are covered with small watch-glasses (23 mm. in diameter), and put 
into a cylindrical copper vessel, 100 mm. high and 120 mm. in diameter, covered 
with a copper plate provided with a thermometer and holes for the tubes. T3ie 
vessel contains water and a few grammes of paraffin to prevent the evaporation of 
the former. It is heated until the water boils. The tubes are shaken now and 
then. The solution is completed when no more gas bubbles appear ; about i of aa 
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Silicinm in SteeL — Ten grammes steel are dissolved in 140 c. c. of a mixtare 
of sulphuric acid and water in the proportion of one part strong sulphuric acid to 6 
of water. The liquid is boiled until all the steel is dissolved and then evaporated 
to dryness. The white salt is taken up with water and a few drops of hydrochloric 
acid, the silica filtered off, washed with hot water containing 5 per cent nitric acid, 
dried, ignited and weighed. 

Fhosphoms. — The solution for the determination of phosphorns, obtained in 
the determination of silicium, is condensed by evaporation to 20 c. c. for every one 
gramme iron. The phosphorus is then determined by the method already explained 
for the determination of phosphorus in iron ores. 

Phosphorus in SteoL — Ten grammes steel are dissolved in a mixture of equal 
volumes of strong nitric (1.42) and hydrochloric (1.195) acids. The solution is 
evaporated to dryness and heated until all dark fumes have ceased to escape. A 
beaker or a porcelain dish may be used. The dry mass is then dissolved irt strong 
hydrochloric acid, the excess of acid removed by evaporation, hot water added an! 
the silica (unless present in minute quantity only) is filtered off, dried, ignited and 
weighed. The filtrate is evaporated down to a small bulk, so that it is only just 
liquid. It is allowed to cool, and theii about 4 c. c. of the strong nitric acid are 
added. A little rinsing water is introduced so as to make the bulk about 20 c. c. 
The beaker is strongly shaken in the right hand, while from a pi ")ette, which is held 
in the left hand, 20 c. c. of a solution of ammonium molybdate are allowed to run 
into the beaker in a thin stream. 

The molybdate solution is prepared by dissolving 100 grammes ammonium 
molybdate in 1,000 c. c. water and 100 c. c. ammonia of sp. gr. 0.88. 

After pouring in the molybdate solution, a few drops of ammonia (0-88) are added, 
and the beaker is shaken until the precipitate of iron has disappeared. The pre- 
cipitate is allowed to settle in a warm place. After settling, the liquid is poured 
on a good Swedi^ih 4-inch filter ; the filter is washed v/ith cold water containing 
one per cent, of nitric acid until it is quite white ; the precipitate is washed in th<* 
beaker once by decanting with ordinary water, moderately hot ; then it is washed 
down on the filter, and collected at the centre, with as few washings as possible, 
with ordinary water, moderately hot. The filter should be quite white before the 
precipitate is w<vshed on to it. 

After washing, the filter containing the precipitate is unfolded on another filter, 
and placed in a warm place (100® to 140® C.) to dry, covered with a large watch- 
glass to exclude dust. When dry the precipitate is shaken into a weighed platinum 
or porcelain di^ih as com])letely as po.«sible, applying a brush to obtain the last 
particles, and weighed. Arsenic, if present, increases the weight of the precipitate. 

Sulphur. — The method hore given depends upon the degree of coloration of 
silver by the sulphuretted hydrogen evolved from decomposing iron sulphide. 
Apparatus and Ecagmls. — 1. — A plate of silver, 15 mm. long, 6 mm. broad^ 
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added, and the liquid is boiled nntil the precipitate settles clear, after lifting the 
flask from the lamp. If the supematent liquid will not become clear a few drops 
of strong ammonia (0.88) are cautiously added, the fl^k id shaken and the liquid 
boiled for a moment again. Great care must be taken not to add too much ammonia, 
as the manganese may then be | tartly precipitated as hydrated oxide. After settling, 
the clear liquid is passed through a filter 10 inches in diameter, into a large flask ; 
the precipitate of basic ferric acetate is then poured on the filter, and the remainder 
of the liquid allowed te filter well off. When no more drops seem to come from 
the funnel, the basic acetate is washed down into the first flasK by means of boiling 
water, and hydrochloric acid is added. The flask is well shaken and heated to 
boiling, in order to insure the remainder of the manganese being present only as 
manganous oxide. Neutralization and precipitation are then repeated as before, 
and the filtrate added to the one first obtained. For steel, two precipitations are 
sufficient ; but when much manganese is present more will be necessary. After 
every re-solution a good boiling is necessary. 

The collected filtrates in the large flask are then allowed to cool, about 4 c. c. of 
bromine are added and the flask well shaken. It is best to add so much bromine 
as to produce quite a reddish color in the solution. Ammonia (0.88) is then adde^i 
in excess, and the flask well shaken. After continued shaking the brown color 
becomes more and more evident and the oxide of manganese separates in lumps. 
The liquid is now boiled for a few minutes, allowed to settle, and then filtered off. 
The precipitate is washed with hot water, dried, ignited and weighed. 

Mn (C, H, 0,), + 5 Br + (i + 2) H, = (Mn 0, + X H, 0) + 
5 NH, Br + 2 [ NH, (C, H, OJ ] + N. 
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In 145 kg. wood there are 



i 72 kg. C. 
{ 1 " H. 
(72 " H,0. 



H, + = H, 0. 2 : 18 :: 1 : 9. 

In burning, 1 kg. H produces 9 kg. H, 0. 

Total to be evaporated = 72 + 9 = 81 kg. H, 0. 

Units of heat due to burning of 72 kg. C = 72 X 8080 = 581760 
Units of heat due to burning of 1 kg. H = 1 X 34462 = 34462 

Units of heat due to burning, total, = 616222 

Units of heat, latent. = 81 X 540 = 43740 

Units of heat due to burning of 145 kg. wood, = 572482 

Hence, calorific power of one kg. wood is, 

^^A = 3948 C Units. 

Problem 2. — Given the average composition of air-dried wood. 

Carbon, 400 

Hvdrogcn. 48 

Oxygen, 328 

Nitrogen and Ash, 24 

Hygroscopic Moisture, 200 

1000 

Required the calorific power of one kilogramme. 
The proportion of to H in water is 16 : 2. 

16 : 2 :: 328 : x = 41 grammes H combined with O. 

48 — 41 = 7 grammes H which burn and produce heat. 

1 gramme H produces 9 grammes water by combustion. 

48 grammes H produce 48 X 9 = 432 grammes water. 

200 grammes water, hygroecopic. • 

632 grammes water, total. 

400 grammes C yield 400 X 8.080 = 3232 Units of Heat. 
7 grammes H yield 7 X 34.462 = 241 •• " •• 



3473 •• " •• 
Heat nHiuired to ovaporato 632 grm. water. 632 X 540 = 341 .... 

Calorific power of one kg. wood . =?r 3182 



i^M^^.. 
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a lid, and heated to a red heat until the flame of the escaping gas is do longer 
visible ; the temperature is then raised to a white heat and retained for five minutes. 
The crucible is then transferred to a dessioator, allowed to cool, and weighed. The 
loss of weight, less the moisture, is the volatile matter. The weight of the residue 
is the amount of coke obtainable from the coal. 

Ash. — From 3 to 5 j^rammes of the substance, in course powder, are placed in 
a platinum crucible and heated, preferably in a muffle, until all combustible matter 
is consumed. To determine whether any carbon remains, alcohol is added, and the 
contents are stirred, when particles of carbon, if present, become visible. The 
heating is then continued to burn off the alcohol, as well as the remaining carbon. 
The crucible is allowed to cool and is then weighed, the weight of the residue deter- 
mines the ash. Its color is noted. 

Sulphur. — This element exists in coal principally in two forms, one combined 
with calcium as sulphate or sulphide, the other combined with iron as pyrite. The 
former is perfectly harmless, while the pyrite seriously affects the quality of the 
iron, in the manufacture of which the coal is used. The former remains in the ash, 
w^hile the latter largely passes into the products of combustion. 

About 5 grammes of coal, finely divided, are boiled in water with an eoual weight 
of sodium carbonate for 20 hours, by which means the calcium sulphate is decom- 
posed, while the iron sulphide remains unattacked. The residue is then filtered, 
and rapidly washed with boiling water. In the case of coke, nitric acid in slight 
excess must be added to the filtrate to convert sodium sulphide into sulphate. The 
8ulph»3ric acid in the filtrate is then determined in the usual way, by adding barium 
chloride, filtering, igniting the precipitate, and weighing. From the weight of the 
barium sulphate thus obtained the amount of sulphur is calculated, and represents 
that present in combination with calcium. 

To the residue, nitric acid is added, the liquid is concentrated by evaporation, 
sodium carbonate added in excess, and the whole hea ed to near the fusing- point, 
by which means the iron, silica and alumina are rendered insoluble. The mass is 
then treated with water, well washed, and the filtrate acidified with acetic acid ; 
barium chloride is then added, the solution filtered, and the precipitate dried, 
ignited and weighed. The sulphur thus found represents that present as pyrite in 
the coal. 

To determine the total sulphur, one gramme finely pulverized coal is intimately 
mixed with IJ times its weight of an intimate mixture of 2 parts calcined magnesia 
and one part sodium carbonate free from moisture, and heated in an uncovered 
platinum crucible, placed in an inclined position, so that only the lower half 
becomes ignited. The mass is frecpiently stirred with a platinum wire. The fusion 
requires about one hour and its (!Oin|)lt?tiou is indicated by a change in color from 
gray to yellow or red. Thenias.s is then covered with hot water, and bromine water 
is added until the Tnpud is pale yc^llow ; it is then boiled, decanted through a filter, 
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produces but a sligtit opalescence in the washings. The precipitate, while still 
moist, is transferred to a weighed platinum crucible and very slowly heated ; the 
burning of the filter being completed by half covering the crucible with its lid. 
In case the pyrophosphate is not white, it is moistened with nitric acid, gently 
evaporated, and the mass once more ignited. The amount of phosphorus is com- 
puted from the weight of the magnesium pyrophosphate, Mg, P, 0,, thus obtained. 

Carbon and Hydrogen. — These elements are determined by combustion in 
oxygen. The combustion tube (85 c. m. long), Fig. 2, PL VI, contains two 
asbestus stoppers, a, wrapped in very thin platinum foil, and between these is placed 
a layer of granular cupric oxide. The tube is placed in the trough of the furnace, 
Fig, 3, PL VI , the tiles are placed in position over it, and the cupric oxide layer 
is heated bv means of the burners B to a red heat. For ten minutes a stream of 
air, first passing through caustic potash and concentrated sulphuric acid, is conducted 
through the tube, which is finally allowed to cool in this current. The stopper u 
is removed, and the coal, about 300 m. g., (which has been dried at 100° C. out of 
contact with air), contained in the platinum boat tn is inserted, and the stopper 
replaced; at the other end the U tube, containing spongy calcium chloride is 
attached, and to this is attached a smaller U tube, containing glass beads moistened 
with a few drops of sulphuric acid. These U tubes are weighed together before 
being attached. To the smaller U tube is attached a Liebig caustic potash appa- 
ratus. Fig. 7, PL V , containing a solution of caustic potash of 1.3 to 1.35 specific 
gravity, and having a U tube, like that of the calcium chloride tube, attached at 
the end /. The caustic potash apparatus is weighed together with this U tube. 
Finally, a straight, unweighed calcium chloride tube is attached, to prevent access 
of moisture from the a.spirator. 

The cupric oxide layer is heated to redness by the burners B, a current of oxygen, 
previously passed through caustic potash and concentrated sulphuric acic, is then 
slowly transmitted through the tube, and the platinum boat heated by means of 
the burner A, beginning at the rear end and passing gradually forward, until all 
combustible matter is consumed. The oxygen is cut off. and purified air transmitted 
as before. In a few minutes the calcium chloride and the pota-^^h apparatus are 
removed and weighed. Meanwhil-^. the gas is turned off. and the tube allowed to 
cool in the current oi air. The platinum dish is weighed to determine the ash. 
The cupric oxide l^yer can be used for 30 combustions. 

The increase in weight of the calcium chloride apparatus gives the weight of the 
water produced by the combustion, from which the hydrogen can be comouted. 
Thus, if this increase is 107 m. g.. then. 

11, H, -^ 0. 

18 : i! :: liK : x — ll.Sl> m. uv hydrogen in 3C»0 m. g. coal. 
:\00 : 11.8l» :: UK) : y , : 3.% per cent H. 
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SECTION 5. 

Potable Water. 

A good drinking water is usually clear, limpid, without taste or odor, holding in 
sohitioii carbon dioxide, air richer in oxygen than atmospheric air. and a little 
calcium carbonate. The smaller the quantity of organic matter it contains the* betti^r. 
The impurities in water may be ol two kinds. — specific poi-soDS, as when it has 
received the excreta of a patient suffering from cboleni or from typhoid fever, or 
abnormal quantities of impurities, organic or minen\I. The most important impurity 
in water intended for drinking purposes is dissolved organic matter. Its effects 
seem to depend not so much on the amount a.s on the nature of the organic matter, 
its existence in certain conditions or its capability of promoting the dev**lopnient 
of organic germs. The whole subject of the influence of organic matter on the 
character of a water is involved in much obscurity, nevertheless there apriears to be 
a connection between the prevalence of epidemic disetLse and the contaminati'Mi of 
water used for domestic purposes with sewage or some similar impurity. The 
utility of all attempts to estimate organic matter depends upon the eti'ect of variationf^ 
of mere quantity of organic matter, which effect is very doubtful within the limits 
occurring in drinking water. The efl'ecl of dangerous waters is generally actributed 
to certain germs ; but, as these organisms subsist on organic matter, the larger pro- 
portion of the latter furnishes more matarinl for their development and may 
therefore be in some sort a measuie of their abundance. 

In order to form an o}>inion as to the r-haracter ot a drinking water, it is necessary 
to ascertain the following data : — 

Total solids at 100=^ C. 

Chlorine. 

Free and albuminoid ammonia. 

Oxygen consumed in oxidising the organic matter. 

Nitrogen as nitrites and nitrates. 

Nitrous acid. 

Poisonous metals. 
In particular cases it may be necessary to determine also 

Hardness. 

Sulphates. 

Collection of Sample. — Whenever possible, at least half a gallon of the water 
to he examined should be obtained in quart bottles with glass stoppers. Great care 
must be taken to have the bottle- perfectly clean and nearly full of the water. It 
shoiiM he kept in a cool djirk place until examined, which should take place withia 
forty-eight hiuirs after eoUeetioii. Sarnjiles should also be set aside in half-filled 
but clost»<l glay!<-st<»p[>ered In^ttles for 10 or 12 tlays, and one of these examined 
every day or two, s<» hs to trace the character and extent of the changes undercut. 
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The second, third and fourth distillates of 50 c. c. each are usually thrown away, 
i being added to the result of the first estimation for the total free ammonia. It is 
better, however, to Nesslerize each distillate, and in reporting the results the details 
of the evolution of the ammonia, as obtained in the separate distillates, should always 
be given. The process is usually stopped after the fourth distillate but -it is better 
to continue the distillation until the last 50 c. c. contain less than one per ceiit. of 
the total ammonia already collected. The addition .of ammonia-free waler to the 
contents of the retort may be necessary in this case. Multiplying the total number 
of c. c. of ammonia solution required by two gives the milligrammes of ammonia 
per litre or parts per million. 

About 300 c. c. are left in the retort, to which 50 c. c. of the solution of potassium 
permanganate and caustic potash are added and the distillation continued. The 
retort is gently shaken in case of bumping, giving the contents a waving motion. 
Usually three distillates of 50 c. c. each are collected and Ness^eriaied, but it is better 
to continue the distillation until the last 50 c. c. contain less than one per cent, of 
the total ammonia already collected. The apparatus is now allowed to cool after 
loosening the connection between the retort and condenser. Multiplying the total 
number of c. c. of ammonia solution required by two gives the milligrammes of 
ammonia per litre or parts per million. In reporting the results the details of the 
evolution of the ammonia, as obtained in the separate distillates, should always be 
given. 

A separate distillation is made to determine total ammonia by adding the alkaline 
permanganate at once (before determining free ammonia). The results of the two, 
separate distillations are then compare J. 

From 0.0 to 0.05 albuminoid ammonia, in spite of much free ammonia and 
chlorides would pass a water as organically pure. Much free ammonia, over 0.08 
per million, is an indication of contamination with urine in a recent condition, — the 
excess of chlorides will confirm this conclusion. Much albuminoid ammonia, over 
0.10 per million, little^ free ammonia and almost entire absence of chlorides is 
indicative of vegetable contamination ; such water is very injurious to health pro- 
ducing diarrhoea, etc. Much free ammonia and over 0.05 albuminoid ammonia is a 
suspicious sign. Albuminoid ammonia over 0.15 ought to condemn a water absolutely. 
(Wanklyn). No opinion should be founded solely on the results of this process for 
in that case rain- water in country places would sometimes be condemned as it 
contains 0.49 of free ammonia. 

The value of the results by this process depends more upon the rate and progress 
of the evolution of ammonia than upon its total amount. The gradual evolution of 
albuminoid ammonia indicates the pr'^sence of organic matter in a comparatively 
fresh condition, while rapid evolution indicates that the organic matter is in a state 
of decomposition. 

Some late improvements of the method have been suggested by Mr.'Hainea of 
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of lL^ d;isk ;ire rher. i.r'i'.lei -iv-^r. Tl:.- r.r<: .i:>:i'.!aio ot 5*3 c. c. is examined by 
pla. in:: 5 : : m a oyi;:: i-r. ii!';:::!^ wi:h h riii-i w iter to -x^ c. c. and adding 2 
c. c NV.-i-r r-;ijer.-. Th- -^f.-.c-i. t::ir i. r.:.-:r:::. a:: : rirth •ii^tillaresot 50 c. c. each. 
are Ne^-^--i.^••: wi-::-::: -i;: rion. Tii-2 .:<.!i:cr::c> o: r;i" T :u'-e are mixed with 25 

TL*r Ilia:.- :. t y.r.^rr-i y "j.- r:-.".: ;.< :- I :< ■.l-.':-r:L::;e«l bv makinkl seveiul 
bl.-rik exr fr:: -•••*' ^v:-.. i-•:.i-.:^v - :• :: < . l- ;: « »• n.:.. .ir^inime. 
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(1) Distillate of 50 c. c. (5 c. c. yielded .07) yielded .70 

(2) '• '* •' " •* .10 

(3) " ** •• " " .05 

(4) " ** •* " ** .02 

(5) " " " " " .01 
U tube " .01 

739 
Average of error .06 

783 
Molecular Weight of NH, — 17. Atomic Weight of N = 14. 

17 : 14 :: .83 : x =^.684 milligrammes N, 

in 100 c. 0. of the water. Multi])lyirig by ten gives the milligrammes per litre or 
part^ per million. 

2. The Aluminium Method — The aluminium method depends on the prin- 
ciple that strong solution of sodium or potassium hydrate dissolves aluminium foil, 
liberating nascent hydrogen, which acts jis in the copper-zinc method. 

Al + 3 Na HO = 3 H -f Al Na, 0,. 

One hundred c. c. of the water to be examined are introduced into a flask along 
with 10 c. c. of a ten per cent solution of sodium hydrate and boiled briskly until 
reduced to one-fourth its bulk. It is then made up to the original bulk with pure 
water, and when quite cold a piece of aluminium foil about two inches square, rolled 
around a glass rod to prevent it from floating, is dropped in. To prevent loss of 
ammonia the opening is guarded by a small tube filled with pieces of pumice of the 
size of peas (previously ignited for one hour), moistened with pure hydrochloric 
acid. About six hours afterward the pumit-e and washings of the tube are added to 
the liquiJ in the flask, a Liebig condenser is attached, and the ammonia distilled off 
and estimated as before. 

Nitrites. — The most delicate and trustworthy method of estimating nitrites is 
the following. 

The solutions required are, (1) meta-phenylene-diamine, — 5 grammes of the 
base are dissolved in 1 litre water and slightly supersaturated with sulphuric acid ; 
(2) dilute sulphuric acid, one part of acid to two of water ; (3) standard potassium 
nitrite solution, prepared by dissolving 0.40G gramme pure silver nitrite in boiling 
distilled water, and adding pure potassium chloride till no more silver chloride is 
thrown down. This is made up to one litre, the silver chloride allowed to settle 
and 100 c. c. of the clear .solution diluted to one litre. One c. c. is equivalent to 
0.01 milligramme N, 0,. This solution should be ke])t in closely-stoppered bottles, 
quite full. 

Four narrow cylinders of colorless glass are required, in which 100 c. c. rise to 
17 inches, and which are marked for this capacity. 
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One hundred c. c. of the water to be tested are poured into one of the glaai 
cylinders, and one c. c. each of the dilute sulphuric acid and solution of meta-pheuj- 
lenediamine consecutively added. If a red color is developed on stirring with a 
glass rod, the e:jp(?riment muj^t be repeated with less of the water made up to 100 
c. c. with distilled water. The dilution is sufficient when the color is just {►eroepti- 
blo at the end of one or two minutes. The amount of nitrous acid thus found must 
of course be multiplied by the coefficient of dilution. 

As neirly as possible cotemporaneously with the above experiment, there must be 
put into three other cylinders 0.3 to 0.2 c. c. of the standard solution of potassium 
nitrite, filling up each to lOJ c. c. with pure water, and adding to each consecutively 
one c. c. dilute sulphuric acid and one c. c. of the solution of meta-phenylenediamine. 
The color developed in these cylinders is then comjMired with that given by the 
sample of water. 

These experiments are repeated by varying the proportions of potat^sium nitrite 
solution, until a solution is obtained, of knowii strength, and exhibiting the same 
tint art the sample of water. But since the intensity of tint increases with time it 
is necessary to make a final pair of ex})erimentH starting them simultaneously and 
extending the observation of the shade ot color to twenty-five minutes. 

In this estimation the water to be examined must be colorless, if tint€<I the 
addition of alum or potassium hydrate or carbonate generally precipitates the 
coloring matter. 

Spring waters contain about 3 grammes per litre (or parts per million) of nitrogen 
as nitrites and nitrates, good river water contains 2 to 4. A water becomes sus- 
picious if it contains from 4 to 10 grammes per litre, and dangerous if it contains 
20 grammes per litre. Peaty wateis and sewage contain only small quantities ; in 
the latter, putrefaction has destroyed the nitrates. If nitrites abound, the contami- 
nation has probably taken place recently. In the late investigations by the National 
Board of Health it appears that the determination o! nitrites and nitrates is of great 
importance an.d furnishes most reliable evidence. 

Poisonons Metals. — The poi.««onous metals usually considered are lead and 
copper, tin* presence of other metals is exce[»tional. 

One hundred c. c. of the water to bo examined are placed in a porcelain dish and 
stirred up with a ghi'-s rod moistened with ammonium sulphide. If any coloration 
is produced a tew drops of hydrochloric acid are added, if it disappears at once it 
was due to in»n. if not copper or lea<l are liable to be present. This qualitative 
test is suffi'ient as the mere presence of this metals is sufficient to condemn the 
waler. 



— The hardness of water is either feniporan/ or permanent. The 
former is dih- t«»tln- i»resen<e of cMlciu.n carlxinate the latter to calcium snlfhnto 
principally. Ci! itiin <;irlM»!iat<' is sli'jhtly soluble in pure water. 10,000 parts water 
beiuL^ <"ay>:il)h* ot tlis^olving n.o 4:5 pairs ealcium carbonate at ordinary temporaturet ; 
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but it i8 mucli more soluble in wat«r containing carbon dioxide in solution, 10,000 
parts water ^•atu^ated with carbon dioxide at ordinary temperatures dissdving 10 
parts. Natural surface waters are never saturated with carbon dioxide but always 
cantaiu more or less of it, hence, also more or less of calcium carbonate. 

Calcium sulphate is more soluble in pure water than calcium carbonate, 10,000 
parts water dissolving 20.33 parts at 15^ C; the presence oi carbon dioxide does 
not increase the solubility. 

The determination of the hardness depends upon the fact that soap will not form 
a lather with a hard water until all the calcium has been precipitated in the form 
of insoluble calcium soap. 

Standard Soap Solution. — Ten grammes pure castile soap are dissolved in a litre 
of 35 per cent, alcohol. One c. c. of this solution precipitates one milligramme of 
calcium carbonate. It is liable to lose strength, hence, its strength is verified before 
use by means of a solution ot pure fused calcium chloiide 1.11 grammes to the litre 
of water. One c. c. soap solution suould precipitate all the calcium in one c. o. 
calcium chloride solution. 

To perform the test 70 c. c. of the water to be examined are placed in a stoppered 
bottle, ca^iacity about 250 c. c, and standard soap solution added by means of a 
pipette graduated to -jV c. c. After ea^'h addition of the soap solution the bottle is 
shaken, and when a lather begins to form it is laid on its side. The lather should 
.remain permanent for five minutes. The stopper is removed after each shaking to 
allow the escape of gas. The number of c. c. of soap solution required gives the 
degree of hardness, which is recorded as'so many dcf/rees. 

Temporary hardness may be remedied in small quantities of water by boiling, 
which expels the free carbon dioxide, thus precipitating the calcium carbonate. In 
large quantities of water the usual method is by addition of lime, which combines 
with the free carbon dioxide and is precipitated as calcium carbonate, also precipi- 
tating the calcium carbonate previously in solution. Moderately hard waters are 
more palatable than soft waters, good waters average between 3 and 14 degrees. 

Snlphatas. — The sulphates most commonly present in water are those of calci- 
um, magnesium, and sodium ; they are objectionable when in excess, principally on 
account of their purgative properties. 

About 10 q. c. of strong barium chloride solution are placed in a beaker, acidified 
with a few drops of pure hydrochloric acid and 100 c. c. of the water to bo examined 
are added, the contents of the leaker l)oiled and then the proci]»iiate is allowed to 
settle. After 2 hours it is filtered through the best Swedish filter paper, the beaker 
washed out with hot distilled water, the- washings being passed through the filter: 
the filter is then dried over a lamp, ipiited in a platinum crucible and weighed. 
The weight of the crucible and of the filter ash is subtracted. The number of 
milligrammes obtained multiplied by ten gives the milligrammes f>er litre, Thif 
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18 multiplied by -^af^Cthe amount of SO, in one part Ba SO,, the precipitate), and 
recorded as parts of sulphuric oxide (SO,) per million. 

BCicroBCOpic Examination. — Tlie microscopic examination of a drinking 

water is generally made by allowing the siispende-.l matters in a sample of water to 
8ubsi<le in the sample bottle. The greater part of the water is then decanted, and 
that at the bottom of the bottle, containing the sediment, is poured into a conical 
glass. After subsidence a drop is removed by means of a pi|.ette, placed on the 
slide of a microscope, covered with thin glass and examined at once, or is allowed 
to ervaporate and then examined. 

Mineral gritty masters, cliy silt and sandy particles are noticed. Soluble salts 
are recognized by their crystalline form and by the action of theonlinary reagents. 
Tlie kind of snspendvd matter furnishes a clue to the character of the impurities, 
thus fibres of clothing indicate slops, epithelium and the eggs and joi.its of the tape- 
worm indicate animal sewage, algje arivi fungi indicate vegetable impurities. 

It i'* possible that the germs of zymotic diseases may be carried by these organ- 
isms, but the microscopic investigations ot the sediment of drinking water have not 
yet diseovored the (/crrns of disease. That many di.seases are dae to germs has been 
proven without a doubt. Pasteur has discovered the germs of several diseases, that 
of , splenic fever, for instance, he found to be a large bacterium. But many of the 
bacteria are excivdingly minute, and may be transjwrent and thus rendered invisi- 
ble. Many germ^ undergo changes and become invisible, thus the germ of fowl- 
ohol»»ra is ili;?tinctly visible under the microscope, but pre8erve<i in a closed tube it 
sooii disappe;irs and is no longer visible under the microscope ; if now a needle be 
dipped into the lijuil and then insertei in the cutaceous tissue of a fowl in a few 
days the fowl will be dea 1. proving that the genu is still there. Thus the problem 
is a verv ditlicult one. 

RioL^gical in ve>t illations made by injecting waters known to be dangerous into 
rabbits ai.il other animals have bevMi thus far mor*» or less unsatisfactory. 

Interpretation of RasnltS. — Some thirty years ago it was discovered that 
chol 'ra was trau^^iuitted by drii.king water. This transmission of cholera as well 
ns that of typhoid fever has been proven without a doubt. No donbt they are 
transmittctl in other ways, but thi^ is undoubtevlly one of the methods. There i.s 
considerable cvidtMuv iliat diplhcria may bi» ilui^ truusmifed. Dvsentery has been 
pvHhb ed by bad water. 

Waters k:i.nvri to have prohued disease are generally found to contain organic 
matrer. <u<i en led or di^^olvod. Tliis impurity may not W notic^ed. for a water 
m.»y be elo.ii an.! co!orle>i< aiul have a g^vd retr^^^hir.v: taste, an 1 vet be verv dan- 
i:er.>us \Vi:er ::v- rVve.u v -mi: iJuiiutioM wi:h hn:uin <ew.i^v has never been proved 
rv> Mifev«t wit!i . iv.>;er.i ov typli -d iVver. b'.it .li<ea<..< or" otiier kinds have been caused 
l»v mineral ma::er< v^v by \e^etabb' matieis. dissolved or suspended. 
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Peaty waters are an exception, they contain much vegetable organic matter, but 
HOC in a 8tat43 of easy decomposition like that from mai*shes, hence, they sometimes 
furnish excellent wat»^rs, that of the Dismal Swamp is preferred for carrying to sea 
on account of its keeping qualitien. 

Suspended min<Tdl matters nre liable to produce dysentery, in certain districts in 
India this disease has been traced to minute scales of mica in the water. Dissolved 
mineral matters may also be injurioun, some causing dyspepsia, others, on account 
of their purgative properties, producing diarrhoea. 

The great sources of danger in cities are sewage and refuse from fauitories, espe- 
cially when river water is the source of supply. 

When wells are used as a source of drinking water great care must be taken 
that there is no privy or cesspool within a radius of twice the depth of the well, 
especially in sandy eoil. 

In all analyses of drinking waters duplicate and even triplicate estimations 
should be made. The results are ])roperly recorded in tables and compared. 

According to the standards of purity generally adopted a good drinking water 
should not contain more than 

Total solids, 400. parts per million. 

Chlorine, 70, 

Oxygen consumed in 3 hours, 1. 

Free Ammonia. .02 

Albuminoid Ammonia, .08 

Nitrogen as Nitrites and Nitrates, 5. 

Nitrogen as Nitrites, 0. 

Poisonous metals, 0. 

Hardness, 14' 

Sulphuric oxide (SO,), 70. 

According to the investisi;ation8 of the National Board of Health, standards oi 
purity for any one of the above estimations are worthless, except as local standards. 
Nevertheless they are useful in comparing the evidence furnished by all the esti- 
mations. Very good and very bad waters are generally easily determined, but 
most waters are intermediate and must bo classed as of doubtful purity, hence, the 
great difficulty of deciding upon a given sample. 
The tollowing examples may serve as guides. 

Diagnosis of water polluted by vegetable matter. 

Free Ammonia, No excess. 

Albuminoid Ammonia, Large excess. 

Chlorine, Insignificant. 

Nitrogen as Nitrites and Nitrates, 

Peaty waters are generally very soft and the amounts of free and olbumin<»id 
ammonia are about equal. 
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Diagnosis of pollution by animal matter. 

Free Ammonia, Excess. 

Albnmino'd Ammonia, 
Nitrogen as Nitrites and Nitrates, 

Diagnosi.-^ of pollution by contents of sewers. 

Free Ammonia, Large excess. 

Albuminoid Ammonia, Excess. 

Chlorine, Excess. 

Nitrogen as Nitrites and Nitrates, If sewagre passes directly into 

water — none, if it travel? 

through intermediate earth 

— excess. 

Much nitrogen as nitrates and nitrites and excess of oxygen consumed rfiow recent 

oi^ntamination. Much nitrogen as nitrites and nitrates and little oxygen consumed 

*how that more or less a>mplote conversion of the organic matter has taken place. 

l>iagnt>sis ol ixMlution by excremential filth. 
Froo Ammonia. Enormous excess (.50 to 2.0). 

Albuinin«">ivl Ammonia, Excess ^.3 to .6). 

("hlorine. Generally in large excess. 

Nitrv\ci'n as Nitrites and Nitiates, In either minute amount or in large excess. 
To distiuijuish such a water fri>m rain-water, the rate of distillation of the ammonia 
is noiiotHl. in rain- water it i\Mues off much more grulually. The latter also contains 
little ohK^rino ^exvv^pt near the so-a\ is soft and contains but a small amount of 
nitrx>gtMi as nitrites and nitn^tos. 

l>iagniv«is of j>'>Uution by gs\s>?ous emenations. 

Friv Ammonia. Excess. 

Albuminoid Amm.>nia, Excess. 

riiK^rine, Little. 

Nitr^^gtMi as Nitritos and Nitratesi Excess. 

No disease ha> ovor l^s^n pr\n>Hl .nitnbntable to living or^nisms in drinking 
water, iVrtam t^Mna^ of lite art^ p^vuliar to vvrtAin waiere, and river, pond and 
spnuij watotN ha\o ^wnbar but als»> vvmmon forms. Certai:* others seem to be 
jwubar to jto\\ao\ but no dotinito n^ul:s have ix-en reaihed in the investigations. 
A\.> T. /V r/ , \Unsfr;it«w (ho ori:;\n*isr.is tvMir.d :n the water supplied to Liondon 
dnnn»: tho . ]u^^M•:^ ^^pub^nio ot' ISM and IST^A Many of them are present in the 
S, hu\ lK\ll ti>or now 

PllriflClltion ^f W4lt%l\ \V:»;i- >s iv^.v.r.o.; :r: nr»:;:re by the action of the air. 
whi. 1) o\idi o'- tlio or^iruu" m <i;o; . bv N;;bN;^b :^-c Vy r.'.tr.^f.vn thrc-ugh porous strata 
>»nd b\ o^:uv^K«;^^n .\\\A .\^'\sl'\\^:\\\.^\\ \i .s t-^uvir.o.i ;trt:fio:,^]jv bv aeration, b A 
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not to add excess of lime, which would render the water alkaline. This is ea^ly 
determined by testing a portion with silver nitrate solution, excess of lime gives a 
brown precipitate, hard waters a white one. This process is used in the English 
water-works. The Permanganate Process consists in adding a little lime water and 
then sufficient potassium permanganate to produce a faint pink tint at the end of 
fifteen minutes. The excess of lime is sometimes precipitated with acid aodinm 
carbonate, the liquid neutralized with a little hydrochloric acid, thus liberating 
carbon dioxide and rendering the water more palatable. Alnm has been used in 
France and China. It has a mechanical action, due to the separated alumina, of 
throwing down suspended impurities. About 6 grains to the gallon are used. 
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Aug. 13th, 1860. 



June 5th. 1872. 



Feb. ,1878. 



May 21»th, 1880. 
187r). 

Aug. 12th, 

Aug. 21st. 



.:: 



1 



S 
\Vi 

J* 

\v 

\t 

u 

Su 

Lo 
Kl 



Rl I 

Al 

Vr 
W 
S< 
W 
W . 



X 



(^IIAKAC'TKH. 







Highly PuUutorl. 



I I ! 



(tU(l(l. 



fiXor-l It'll t. 



had. 



Vorv (lood. 

Infecting with 
Ty{ihi»i(i K<'Vrr. 



KKMAUKS 



Clear. 



Mineral Water. 



Slightly Turbid. 



A ft^r long drought 

Phila. supply. 

") Diirinc preva- 
> lenco of Kpi- 
J dcniic. 



— 120 — 

The solid matter found in the air of the accident ward, St. Mary's Hospital, 
London, is represented in Fig. 5, PL VII . 

1. Epidermis of hay with fungus attached. 

2. Linen Fibre. 

2^. Fungus filament. 

3. Nucleated epithelium from the mouth. 
3a. Pus cells. 

4. Worn epithelium from the skin. 
4a. Charred vegetable particles. 
4d. Fungus spores. 

5. Cotton fibre. 
G. Woolen fibre. 

7. Fragments of insects. 

8. Pine pollen. 

9. Dried-up palmellaceous frond. 

10. Ciliated sjx)re, probably from vaucehria. 
The weight of the solid matter in a given volume of air is determined by passing 
it through a U-shaped, platinum tube, 7 inches long, \ inch in diameter, containing 
asbestus at the bend. Little caps of fine platinum gauge are inserted at each end 
of the asbestus to prevent loss. The tube is weighed before and after the passage 
of the air, the difference determines the weight of solid matter. By igniting the 
tube it may be again used without renewing the asbestus. 

Organic Matter. — The organic matter in the air is derived from various 
sources, especially from the skins and lungs of all animals ; in a close room its odor 
is readily detected. It is difficult to determine its amount, as it is present in such 
small (quantities. 

The simplest method for its determination is to pass a certain quantity of air by 
means of an aspirator through a series of four wash bottles, of 100 c. c. capacity, 
each containing 50 c. c. ol pure distilled water. Into the first bottle 50 c. c. of pore 
hydrogen chloride are also poured. These air-washings are distilled with caustic 
potash and }x>tassium permanganate, and the distillate is Nesslerized, as in the 
analysis of potable water. 

The best method for collecting the air- washings is represented in Fig. 2, PI. VII. 

A is a glass cylinder 8 inches long, 2 inches in diameter, furnished with a per- 
forated rubber stopper E, through which passes the ait-pipe of a Bergson's spray- 
producer C, >ind also a straight glass tube \ inch in diameter, 12 inches long. B B 
are Woulfe's bottles, capacity 130 c c, with rubber stoppers. D is a black \ oz. 
india-rubber ball, to which a glass tube, drawn out to a fine point, is fitted. 

To carry on an examination the several parts of the apparatus are cleansed with 
double-distilled water, by the aid of the ball injection tube D. From a flask con- 
taining 100 c. c. distilled water a little is poured into the cylinder, so that when 
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inverted its level shall be at F, below the jets. The remainder is poured into the 
wash bottles. Air is pumped into the cylinder by means of the spray-producer 
(whose capacity is previously determined ). The rubber balls are squeezed empty 
of air about 540 times, or until at least one (rubic foot (about 28,317.6 c. c.) has 
passed into the glass cylinder. The water in the cylinder and wash-bottles is 
returned to the flask, the cylinder, wash-bottles, and glass tubes are washed out 
with not more than 30 c. c. of double-distilled water, by means of the tube D, and 
the washings added to the watf»r in the flask. 

The mere washing of the apparatus, before and after the operation, increases the 
error, hence this is detcruiiued previously, by washing the clear apparatus with 
double-distilled water, determining the organic matter as presently to be described, 
and multiplying by two. It is about .<X)6 mg. of albuminoid ammonia for one cubic 
foot of air. This amount should be deiiucted from the result of each analysis. 

The organic matter is determined, as in the analysis of potable water by the 
albuminoid-ammonia process. The stoppered retort, capacity 200 c. c, resti? in a 
copper basin containing sand, and is connected with a small ghiss Liebig's condenser. 
The apparatus is carefully washed, then double distilled water is distilled through 
it. No corks are used in the connections, only rubber stoppers. The air-washings 
are introduced into the retort and distilled. The distillate is received into small 
Nessler glasses, 4 inches long, i inch in diameter, marked at 10 c. c. The first 
distillate of 10 c. c. is Nesslerized by adding •] c. c. Nessler reagent. The very 
dilute standard ammonia solution used is prepared by mixing 5 c. c. of the strong 
.solution (one milligramme in one c. c.) with 995 c. c. of double-distilled water. 
Oiie-t«nthc. c. contain.-: .0005 milligramme Nilj,. The burette should be one foot 
long and -^ of an inch in diameter. 

The second, third, and fourth distillates of 10 c. c. are thrown away, } being 
added to the ammonia found in the first for the total free ammonia. The contents 
of the retor. are allowed to cool until tepid, 10 c. c. of the solution of potassium 
hydrate and potassium permanganate are added, and the distillation continued. 
Three distillates of 10 c. c. are obtained and Nesslerized with { c. c. of Nessler 



reagent. 

Pur 
metre. 



Pure air contains about 0.08 milligrammes of albuminoid ammonia in the cubic 



Milligrammes per Cubic Metre. 



Ammonia. 



Albuminoid 
Ammonia. 



Puro air of Meadow, Essex. 

Hyde Park, London. 

Rooms, Offiicers' Quarters, Portsmouth. 

No. 5 Ward of Hospital, Portsmouth. 



.OGO 
.028 
.430 
.428 



.044 

.086 

.462 

1.307 
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Tho baryta water is stored as represiTiteil Fin. 6. PL VII, 
tains fragments of pumice moistened \rHJi caustic ])otash. 



The U tube con- 



Carbon Dioxide in liXK) Volumes of Air. 



Aldorshot Barracks. 
Tombs Tri-on. New York. 
l\)rtsiu«nuh Garrison Hi»spital. 
Aldcrsh'^t Military Prison. 
Ward-room *A " Alort/' Antic Expe- . 

diiiun. lS75-»». 
(lirls stho^'l rO"m *'i 10.400 cubic foot. 

for 70 liirls. , 



CO, in external air. 



0.440 

0.:::()() 
0.400 



CO, in room. 

1.408 
1.47 
2.(157 
3.484 

4.S2 

7.23 



Nozions Gku^es. — Tlio noxious gasos in the air result j^rinoi pally from the 
putrefactive decay of aniuial and vegetable miltor. They are sulphytlric acid gas. 
ammonia and ammonium sulj»hido. Siilphydrir acid gas. H, S. is readily dete».ted 
bv means of load papers ipa]iors moistened with load acetate), \vlii<-h are blackeneil 
bv a traje uf tliegas. Ammonia is tlotoetrd by moist red litmus paper, which is 
turned blue therrliv. or. wh«*n present in lar^'o iiuantitv. as in thr air of stables, bv 
the lumos pro«Uu'e'l k^ a glass rv>d \vhi«'h has boon dipped in hydrochloric aiid. 
Ammonium sulphitle is tleieetel hy paper tlijij»od in sodium nitro-torricyani-le. 
whi^h produces a transient but splendid purple color. 

Pnrification of Air. — Thi- natural moihols of purification of the air are by 

ditbisioM. il. lilt ion. tran>foronee by wifpls. oxidation and reduction, and the fall 'it 
rain. The ni«»-t elfe«tive artificial methoil is ventilation. For pri.»|HT ventilation 
\o^X) « ubic leet of air, per man. per hour are repiired. Chemical agoneie* have 
stUMo eilev^t in ai.l ot Ventilation. The impurilio'* which can bo removed by chem- 
i al meaiiS are earbon dioxide, snlpliydric aciil gas. ammoruum sulphide, ammonia 
anil "luM-ii  matter. The chemical ai;eni> used are ralletl liiittifncfunfs. 

Cl.iirroal l:a< the powiT ■•!' ab>on.ing no.\ious ga.M»s. antl by conilensiitior. in its 
poll-.- • iu-t - tiie oxid itioij and dosiriiriion ot' orizanif matti-r. It is expose«l tu the 
air :m b-i:- or >hall«'W ['aU". Animal « iiareoal an«l the resiilue of the distillation of 
biiumiiious «. al are the U-sl lorms lor this purpose. 

I.ii:.'- .'.bsorb> varbon dioxide anii ^ulpliur compounds. 

r'i:a--;ii:ii perm irijinatf. /.'\i\- chloride anil bvi I nitrate ab.-sorb sulphy»lric acid 
i:-- Ti...* 1-! :.. i!.j iTi I'f :il- • i'\i li<'-< «>!.:ani' niitt- r and thus destrovs it. The 
> ■■■. ■.'■:" ■:."- - I'- .:  • \p '-I'd '.:: l' i: -l:-!.-'- --r •■l-*' '/I'.-tli^ are ilip[>ei in then 

:il; i • .\[ o>, d  ;li' al- . 
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Chlorine is one of the best disinfectants known, it decomposes finlphydric acid 
1^ on account of its affinity for hvdrogcn, and destroys germs, and organic matter 
generally, by virtue of the same property. It is generally prepared for this purpose 
by exposing moist ** chloride of lime " to the air, the salt is decomposed by the 
oarbon dioxide of the air and the chlorine thus liberated. 

Nitfou.H a<nd, prepared by placing copper in nitric acid and water, has great 
oxidising properties and is the best substance known to remove the smell of the 
<lead-hou.S4*. 

Sulphurous oxide, prepared by burning sulphur, decomposes sulphydric acid gas 
«ind destroys organic matter. 

Carbolic acid diminishes the rapidity of the putrefaction of animal matter and 
^rresta the growth of fungi. 



SECTION 7. 

The Army Ration. 

The importance of a proper issue of food to the soldier, not only at critical move- 
menta, but also under ordinary circumstances in camp or barracks, cannot be over- 
rated. Good food contributes largely to the health of the soldier, and when it is 
remembered that manv more die from disease than from wounds in the course of a 
war its gi-eat importance is at once apparent. 

The statistics of our late war give : 

Killed, 44,238) 00440 

Died of wounds, 49,205/ ^^'^^^• 

Died from disease, 186,216. 

Discharged on account of wounds, 48,374. 

Discharged on account of disease, 136,584. 

In our array the Captains are directly responsible for the condition of the food 

issued to their companies. To meet this responsibility a proper knowledge of food, of 

the general principles of dietetics of the various effects of cooking, and of the special 

methods for detecting ordinary adulterations, is essential. 

Food. 

Food is derived primarily from the vegetable kingdom. The vegetable products 
are built up through the agency of the heat and light of the sun. The force so em- 
ployed becomes stored up in the plant, and is ready to be liberated under favorable 
conditions. It is generally liberated in the animal by oxidation, and it« amount 
must be, according to the principle of the Conservation of Energy, exactly the same 
as that originally made use of, provided the oxidation be complete. This is not 
generally the case, however, as many substances are eliminated, in the processes of 
animal life, in an imperfectly oxidised state, so that they are still capable of produ- 
cing force. 
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The direct objects of food are the renovation of the tissaes and the prodnctioo of 
heat or other forms of force. The principal ultimate objects of food are ; — 

Maintenance of Animal Temperatare, 
Internal physical work, 
Brain work, and 
External work. 

The total force obtainable from the typical daily diet of Molescbott {p — ) is, by 
calculation and experiment, about 8,000,000 foot pounds, of which less than one- 
fifth is available for external work. The internal physical work consists mainly of 
circulation and respiration, the former is about 600,000, the latter about 125,000 
foot pounds. 

Muscular work is not be referred to an oxidation of the nitrogenous basis of 
muscular and nervous tissue, but to that of hydro- carbonaceous matter. The former 
is the instrument of action, the latter the motive |K>wer. 

The principal elements present in food are carbon, hydrogen, oxygen, nitrogen. 

Carbon is derived from the carbon dioxide of the atmosphere. The green part« 
of plants, under the action of the sun's heat and light, decompose the carbon dioxide, 
assimilating the carbon and eliminating the oxygen. 

Hydrogen and oxygen are derived principally from water, which is either assim- 
ilated as such, or is decomposed, and its elements assimilated in various proportions. 

Nitrogen is not assimilated directly from the Iree nitrogen of the air, but is 
derived from ammonia, a constant constituent of the atmosphere. The ammonia 
enters the plant by the rootn in the form of carbonate, sulphate or humate. 

The other elements found as constituents of the human body are sulphur, phos- 
phorus, chlorine, sodium, potassium, calcium, magnesium, iron, fluorine, silicon, 
manganese, aluminium and copper. The elements are not available, directly, aa 
food, but must be in combination, and, generally, in the form of organic compounds. 

Food is subdivided as follows : — 

10 * / Nitrogenous. r p . 

'■8"'*=- I Non-l^itrogenou8. ■{ (,^^^-^.^yj^^^, 

2. Inorganic. 

Nitrogenous Food. — The nitrogenous alimentary principles contain the 
elements carbon, hydrogen, oxygen and nitrogen, and sometimes also sulphur and 
phosphorus. The principal forms are albumen, fibrine and caseine. These prin- 
ciples exist both in the animal and in the vegetable kingdom. 

This class of food is merely comminuted in the mouth. It is digested, or rendered 
highly soluble, and converted into a highly diffusive liquid, in the stomach, by the 
Jiction of the gastric juice. The latter is acid in its reaction and contains a nitroge- 
nous principle, pepsin. The action of the gastric juice is assisted by the elevated 
temperature of the body and the movement of the walls oi the stomach. The food 
then passes into the small intestine, where it is acted upon by the intestinal secretion. 



-128 — 

» 

Starch is acted upon by the saliva of the mouth, and partially converted, by it» 
active nitrogenous principle, ptt/alin, into dextrine and then into grape sugar, but 
the main part of the digestion is accomplished by the intestinal secretion. Cane 
sugar is probably first converted into grape sugrir, and is then acted upon by the 
liver and converted into amt/loid stibsta?tcc\ (Glycogen, n C, H„ 0^). Amyloid 
substance, derived from sugar or starch, is finally deposited as fat. • 

Inoilgailic Pood. — Organic matter alone will not sufEce for the maintenance 
of vital action. Certain inorganic compounds are necessary in the processes of 
animal life, thus water acta mainly as a solvent, and furnishes a medium of circu- 
lation. Other compounds are found to be esssential constituents of the various 
component parts of the animal fabric and of the secretions, hence, they must be 
supplied in the food. The chief saline principles present are compounds of calcium, 
magnesium, potassium, sodium and iron, with chlorine, phosphoric, carbonic and 
sulphuric acids. 

Principles of DieUtics. 

To determine the necessary kind of food, the natural diet, milk, is usually used 
for comparison. It contains all the alimentary principles necessary to support life 
in the young of animals. 

Water, 88 per cent. 
Fat (^cn?am or butter), 3 

Nitrogenous matter (albumen and caseine) 4 

0arbo-Hydrat4?s (lactint*) 4i 

Inorganic matter ^^calcium phosphate, sodium 

chloride, iron, etc., 1 

It va^ inferred from its composition, and has been proven by nnmeroos experi- 
ments that a misYxi liiH is neoe,^«!iry for the continued and proper support of life. 

Tht^ daily amount of tooil re*|uireil by an ordinary working man, of average 
height and weight, as vletenuineil by experiment, is ^Molescbott) : — 

Pry Food. oa. avoir. 

Nitrogenous m^ttter. 4.5S7 

FuMv matter. 2.964 

C^rlv-Hvdraies, 14.250 

^Its, ' 1.05S 

Total 22SS9^ 

Py 0AUniUt\vM\ tWm this t^^blo it is tc^unvi that the daily requirements are, 

i^uK^n. 4^(X» gmins 

Nitnvjit^n, ^\> " " 

It IS .^^l^o tound \\m\\ tl.o ir...v>nn;s< oior^nixi dai^.y by :i^ lungs?, skin, kidneya and 
Ivwols a 10, 



44 (t 

44 «4 

44 t4 



•^ \"" 
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The principal modes of cooking are boiling, roasting, broiling, baking, frying, 
and stewing. 

Boiling. — This consists in heating the food in water. If the object be to extract 
the goodness of meat into the surrounding liquid, as in making soups, broths, etc., 
the moat is cut up finely and placed in cold water. After soaking for a short time, 
heat is applied and the temperature gradually raised. In this manner all the 
nutritive principles and the flavor of the meat pass into the liquid. 

If the object be to retain the flavor and nutritive properties in the meat, the piece 
of meat should be large, it should be plunged suddenly into bailing water, and the 
boiling maintained for about Ave minutes. This coagulates the albumen upon the 
surface, loading to the formation of a more or less impermeable external layer, 
which precludes the escape of the juices from the substance of the meat. After 
this a temperature of 160° to 170*^ F. is maintained until the cooking is completed. 

Hoasiing, — This consists in heating the food in an oven. Since the objecjb is to 
retain the nutritive properties in the meat, it is first subjected to a sharp heat, and 
is then removed to a part of the oven lower in temperature, to allow the gradual 
penetration of the heat to the centre. Roasted meat is more savory than boiled, 
but the latter is more suited to a delicate stomach. 

Broiling, — This is generally conducted by heating the food upon a gridiron 
directly over the coals. It produces the same effect as roasting, but the proportion 
of scorched material is greater, on account of the relatively larger amount of surface 
exjxwed. 

Baking, — This operation is carried on by heating food in a confined space. The 
Yolatilo fatty acids, being prevented from escaping, permeate the cooked articles, 
thus rendering them richer for the stomach than any other process of cooking. 

Drying, — The heat in this case is applied through the medium of boiling fiat or 
oil. The tlxxl becomes penetrated with fatty matter and thus resists the action of 
tlio gi\2>trio juice, hence this is an objectionable process of cooking for persona of 
weak digestive power. 

iSteu^ng, — The articles to be cooked are just covered with water, and ahoold be 
cx^hv^hI to a boat sulficient only to allow of gentle simmering. This places food in 
a state highly favorable for digestion. 

The tollowing table of the relative digestibility of food illustrates also the influ- 
ence of the mo^lo ot prejvm^tion. 

Fooil. Time required for digestion. 

h. nt. 

Rici^. KmUhI. 1 00 

Boan^ Wilovl. 2 30 

IVtatvVj^ rvv^tovl. 2 30 

IVtatvvs, Uktsl 2 33 

\Vhoaton bri'cid. bokovl. 3 30 

Txirnijv?, lviU\l» 3 so 



■._••> 'r ^'l 
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ObmposUion, 








Fat Beef. 


Fat Pork. 


Dried Bacon. 


Nitrogenous matter, 


14.8 


9.8 


8.8 


Fat, 


29.8 


48.9 


73.3 


Saline matter, 


4.4 


2.3 


2.9 


Wat^r, 


51.0 


39.0 


15.0 



100.0 100.0 100.0 

Less pork is isflued than beef, because the former contains less water and bon6, 
hence its nutritive value is higher ; it is also used in cooking, thus utilizing material 
which would otherwise be wasted. 

Salting diminishes the nutritive value of food by extracting nutrients. This is 
partially counterbalanced by the diminution in weight due to the water extracted. 
The diminution in nutritive power is greater in the case of beef than in that of 
pork, hence the same weights of salt and fresh pork are issued, but more salt beef 
tlian fresh beef. Salted and dried meat cannot be used continuously for a length- 
ened period without impairing the health, resulting in the disease called scurvy. 

Meat cannot be subjected to adulteration, but it may be in an unwholesome 
state, and thereby unfit for food. Good meat has the following characters : — 

It is neither a pale pink nor a deep purple tint, but 'intermediate in color. 

The ramifications of veins of fat among the muscles produce a marbled appearance. 

It should be firm and elastic to the touch and should scarcely moisten the fingers. 

It should have no disagreeable odor. 

It should not shrink or waste much in cooking. 

It should not become wet by standing a day or so. 

When dried at 100° C it should not lose over 70 to 74 per cent, in weight. 

There should be no sign of the presence of parasites, when examined under the 
microscope. The appearance of trichina spiralis in pork is shown in Mg, 7, PL VII. 

Flour and Bread. — Flour constitutes the most useful article of vegetable food 
at our disposal. It is highly nutritive and easily digestible in the form of bread, 
etc. It is a mixture of nitrogenous and non-nitrogenous food, in the proportion of 
one of the former to five of the latter. Wheat flour is preferred for making bread 
on account of the tenacity of its gluten. Corn meal contains more fatty matter and 
has a higher alimentary value. 

Bread is ma<le by converting flour into dough by kneading it with water, then 
baking in an oven. This furnishes hard bread. So/l bread is prepared by render- 
ing the bread porous by filling it with interstices by means of carbon dioxide, 
previous to baking. One hundred lbs. of flour yield about 1*56 lbs. soft bread or 
85 lbs. hard* bread. Lime water, substituted for a portion of the water used in 
making the dough, improves the product from an inferior quality of flour. Good 
bread depends as much on the thorough incorporation of the materials as on their 

quality. 

12 



Bread is rendered light and porous in order to favor digestion. This is usually 
accomplished by means of ferments, the principal of which are yeast and leaven. 
The ferments act upon the little sugar (glucose) contained in the meal, converting 
it into alcohol and carbon dioxide, and these gases force the tough dough into 
bubbles before escaping. The gluten also acts upon the starch, converting a part 
into maltose and then into glucose, which is transformed as before. 

Dextrine. Maltose. 

Cia H„ 0^ + H, = C. H,, 0, + C„ H„ 0„. 

Glucose. 
C„ H„ 0,, + H, O = 2 C. H„ 0.. 

C, Hi, 0, = 2 0, H, + 2 CO,. 
Oomposiiian, 





Flour. 


Bread. 


Corn Meal. 


Nitrogenous matter, 


10.8 


8.1 


11.1 


Carbo-Hyd rates, 


70.5 


51.0 


65.1 


Fatty matter. 


2.0 


1.6 


8.1 


Mineral matter, 


1.7 


2.3 


1.7 


Water, 


15.0 


37.0 


140 



100.0 100.0 100.0 

These substance^ are examined to determine the percentage of water, ash and 
gluten. Aside from the economical considerations which condemn bread with an 
excess of water, there are also sanitary reasons, since bread which is too moist is 
prone to grow mouldy. The percentage of ash indicates the amount of mineral 
adulteration. The gluten is a measure of the nutritive value of the food. 

Waio'. — The sample of bread, about 50 grammes, is deprived of the crust and 

crumbled. About 5 grammes are spread out in a thin layer in a platinum dish 

weighing 50 to 100 grammes ; the dish is placed in a water-oven and maintained at 

212° F. for 2 hours, wiped, cooled, and weighed. In case of flour or corn meaJ one 

gramme is used, and heated only to 200° F. 

Ash. — Ten grammes of flour or bread are burnt in a platinum crucible, the 

weight of the residue determines the ash. Care must be taken not to mistake the 
hard cake first formed for the ash. In case the ash is over 0.8 per cent., in case of 
flour, or over 2.0 per cent., in case of bread, it is examined for mineral adulteration. 
Alum is sometimes added to arrest the change in the gluten and restore incipient, 
unsoundness of flour. The objection to its use is its effect on digestion, producing 
constipation, etc. Alumed bread is rare, nevertheless, in time of war or famine, 
the fraud may be more frequently practiced. For its detection 50 grammes flour 
or 100 grammes bread are placed in a weighed platinum dish, capacity 200 c. c, 
and ignited over a large Bunsen burner for several hours, at a moderate tempera- 
ture, but with a largo supply of air. The ignition is continued until the flour-ash 
does not exceed one gramme, the bread-Q^h two grammes, in weight. The Ash is 
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of gluten. The quality of the gluten is best determined by converting the flour 
into dough. The gluten is determined by weighing 10 grammes of flour, and placing 
it in a heap in the centre of a glazed, white porcelain tiU 7 inches square. Four 
c. c. distilled water are dropped on the flour, and the mixture is worked together 
with a palette knife, until all the flour has been incorporated to form a stiff" paste. 

The ball of dough is then placed in a stout cylindrical glass, capacity 200 c. c, 
about 50 c. c. of water poured in,» and by means of the palette knife the ball of 
dough is worked up with the water, the starch granules becoming separated, leaving 
a mass of gluten. The water containing the starch is carefully decanted off, fresh 
water added, and the washing repeated, until all the starch is removed. The gluten 
is then placed in ether, and worked by means of a glass rod, to remove a little fatty 
matter and to partially dry the gluten. By means of the glass rod it is transferred 
to a platinum dish and spread out in a thin layer. The dish is heated in a water 
oven until it ceases to lose weight. The weight of gluten found must be corrected, 
0.3 per cent, of the flour, for ash, one per cent, for fat, hence, the percentage of 
gluten is determined by subtracting 1.3, after multiplying the gluten found by 10. 
Flour containing less than S per cent, gluten should be rejected. 

Ibtal NUrogenoxcs Matter. — To determine the total nitrogenous matter in flour, 
or any other vegetable substance, one gramme is placed in a htre flask, and 20 c. c. 
of potassium hydrate solution (5 grammes KHO to 100 c. c. water) are*added, then 
water to the litre mark, and the contents of the flask shaken up. One c. c. contains 
one milligramme flour, etc. 

A retort is arranged as in water analysis, 300 c. c. of good drinking water placed 
in it, 50 c. c. of the potassium permanganate and caustic potash solution added, 
and the liquid distilled until no more ammonia is evolved. Twenty c. c. of the 
liquid containing the vegetable substance are added, the liquid is distilled and 
Nesslerized. WTieaten flour yields between 1.00 and 1.13 per cent, of its weight of 
ammonia. Unsoundness is indicated by a lower yield. 

Cold Aqucom Extract — The starch, gluten, fat and part of the ash of flour are 
insoiublo ; the modified starch, the vegetable albumin and another part of the ash 
are solublo. In proportion as the flour is unsound, the starch is altered, hence the 
aquiH^us extract will be large in the same proportion. 

To dotormino the cold aqueous extract 100 grammes flour are stirred up with 
dii^tillod wator in a large jx-^rcelain basin, the mixture poured icto a litre measure, 
diluted to the mark, the contents then poured into a beaker, from this on a large filter 
and tiltoivd. The tirst 8m;Ul quantity of filtrate is rejected ; 50 c. c. of the filtrate 
niv ooUootod 'uul aoouratoly uioiUiurovl. evajx>rated to dryness in a platinum dish in 
rt wrttor ovtMi. \\\v\ woigliod. Multiplying by ilO gives the quantity of extract for- 
nishini by UX^ gnuunio llour. or the per centage. Sound flour yields 6 per cent* of 
itj» woight ol wld aqueous extract^ dii«d at lOQ^ C 



i 
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grown and eaten in all parts of the world, and are everywhere regarded as r^ry 
Dutritious when they can be digeBted. Nothing, however, but the most prolonged 
cooking will serve to help in this paiticular. If old, the longer they are boiled 
the harder they become. On account of the small quantity of carbonaceous matter 
present they are invariably associated with fat, when eaten. 

Peas when putrid, undergo some peculiar change not yet investigated, resulting 
in the formation of a poison. Peas preserved in tins are sometimes previously 
boiled in a copper vessel, which imparts a fine green color, the chlorophyll having 
been rendered insoluble by the copper. It may be detected by making a paste of 
a weighed quantity of peas with water and a little hydrochloric acid, in a platinum 
dish, and inserting a rod of zinc in contact with the platinum. The galvanic current 
produced causes the copper to be deposited as a thin film, which may be dried and 
weighed. 

Rice and Hominy. — These are the typical vegetable non-nitrogenous foods, 
containing thirteen parts non-nitrogenous to one part nitrogenous matter. 

Rice is said to supply the principal food of nearly one-third of the human race. 
It is characterized by the large proportion of starch, and the small proportion of 
nitrogenous matter it contains. It must therefore be associated with other articles 
to compensate for the deficiency of the latter. It is easily digestible, and is best 
cooked by thoroughly steaming. 

Cbmpasiiion, 

Nitrogenous matter, 6.3 

Carbo- Hydrates, 79.5 

Fatty matter, 0.7 

Saline matter, 0.5 

Water, 13.Q 

100.0 

Hominy is made from ripe corn, the grains being deprived of their hull, and 
broken or coarsely ground. It is characterized by the large amount of fatty matter 
it contains. It also contains a large amount of nitrogenous matter and therefoie 
has a high alimentary value. It is the cheapest food we have. Its composition is 
similar to that of corn meal already given. 

These substances are so cheap that they are rarely, if ever, adulterated. The 
presence of other starches would be readily detected under the microscope. 

Coffee and Tea. — These constitute useful beverages. They produce an invigo- 
rating and restorative effect on the system, which is not followed by any depression. 
They arouse the mental faculties and the energies generally. They increase the 
activity of the skin and retard the transformation of tissue. They possess the power 
of relieving hunger and fatigue, and are equally serviceable against heat and cold. 
As ordinarily consumed, with milk and sugar, they furnish direct nourishment iiv 
no inconsiderable amount. 
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OomposilioH. 






Raw Cofiee. 


• 


• 


Green Tea- 




Cdlulose, 


34.00 




Cellulose, etc., 


31.66 


Water, 


12.00 




Water, 


9.37 


Fat. 


13.00 




Tiinnia, 


18.69 


Glucose, etc.. 


16.50 




Gum, 


5.89 


Legumin, 


10.00 




Albuminous matter, 


24.39 


Potassio-caffeine cafieate, 


6.00 




Theine, 


2.79 


Nitrogenous matter; 


3.00 




Chlorophylle, etc.. 


1.83 


Caifeine, free. 


0.80 




Ash, 


5.38 


Essential Oil, 


0.03 






lOO.W 


Ash, 


4.00 









97.33 

Coffee beans are the seed of Caffca Arabica, a tree which grows in the West 
Indies, Arabia, Brazil, Java, Ceylon and other warm countries. The seeds are 
separated from their soft pods, washed and dried, and lastly freed from their 
parchment-like coating and sent into market. It is met with in three conditions, 
— raw, roasted, and ground. 

Boasting coffee develops the aroma, the coffee beans increase in volume but 
diminish in weight, the sugar is converted into caramel and the coffee is rendered 
more soluble in boiling water. Exposed to the air roasted and ground coffee loses 
its aroma in two or three months, but if packed in tins it will keep for a longer 
period. 

In preparing cpffee it must not be boiled or the aroma is partly dissipated. 

Ground coffee is most liable to adulteration, the principal of which is chicory, 
which is largely cultivated for this purpose. The rootd of the chicory are dried, 
roasted, and ground and then mixed with the coffee. Other adulterations are roasted 
corn and beans, potato starch and sugar. 

These adulterations are best detected under the microscope. Adulteration of 
coffee with chicory is represented in Mg. 9, JPL VII. ^ When dropped in cold 
water, coffee floats for some time, while chicory sinks ; coffee gives no sensible color, 
chicory rapidly produces a yellowish-brown solution. A.s coffee contains no starch 
this may be detected by the blue color produced with iodine. 

Tea is the prepared leaves of Thea sinensis, a shrub, usually five feet high, growing 
in China, Japan and the Himalaya. The varieties are derived from the same plant 
and differ only in age and mode of preparation. ' Black tea diffei-s from green in 
having undergone a kind of fermentation, which has altered the color. 

The adulterations of tea are of three kinds, — it may be sanded, mixed with leaves 
which are not tea, or it may be spent tea. 

The microscopic appearance of the tea leaf is represented in Mg, 8, PI. VII, 

Sugar. — Cane sugar, Ci, H„ 0,p occurs abundantly in vegetables, and forms an 
important alimentary principle. Being soluble it is easily digested, but is sometimes 
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apt to rmdergo the acid fermentation. It is the type of sweet sabetances, hence it» 
use in sweetening and flavoring. 

Sugar is probably the purest food substance in commerce, loaf sugar, is, as a ruTe, 
chemically pure. The finest purified sugars are white, crystalline and not moist to 
the touch. Raw sugars are sometimes adulterated with starch, sand, glucoee and 
water. 

Insoluble fmpuriiies, — These are determined by dissolving ^^re grammes in cold 
water and examining the residue under the microscope. The best sugars leave 
merely a few minute fragment of cane floating in the water. Starch is detected by 
the bltie coloration produced by addition of a drop of iodine solution to the residue. 

Moisture. — Two or three grammes of sugar are weighed on two tared watch- 
glasses, about 66 mm. in diameter, placed in a drying oven, and dried for three 
hours at 110** C. After drying the lower watch glass is clamped over the ooe con- 
taining the sugar, and the whole is re-weighed as quickly as possible. The loss of 
weight determines the moisture. 

Ash, — The dried sugar is incinerated in a small platinum dish at a red heat, the 
weight of the dish and residue after ignition, less the weight of the dish when 
empty, determines the ash. 

Olxicose. — Glucose, C^ Hj, 0^ is the most common adulteration of rair sugar and 
its derivatives. It is now extensively manufactured from starch, and largely used 
to adulterate syrup. The main objection to it is its low sweetening power, being 
to that of cane sugar in the proportion of 2 : 5. 

An adulteration of cane sugar with glucose is easily detected. The principle 
involved in the process is that glucoee readily reduces cupric salts in presence of 
alkalies. 

Cu SO, + 2 KHO = K, SO, + Cu H, 0,. 
15 Cu H, 0, + C, H„ 0, = 6 Cu, + S (CHO,), Cu + 18 H, 0. 

Tts'O solutions are prepared. 

No. 1, consisting of 34.639 grammes cupric sulphate (c. p.), crystallized, dissolved 
in 500 c. c. distilled water. 

No. 2, consisting of 173 grammes potassio-sodic tartrate in 400 c. c. distilled 
water, mixed with 100 c. c. soda-Ire, containing 400 grammes to the litre. These 
solutions are kept separately, in blue glass bottles, and mixed in equal volume 
when a test is to be made. Ten c. c. et|ual .05 gramme glucose. 

To make an estimation a preliniinaiy test is made to determine the approximate 
strength of the sugar solution. Ten c. c. of the mixed solutions are measured into 
a porcehiin disli, diluted with an equal volume of water, and boiled quickly. There 
should be no precipitate formed. Tlie sugar solution, which should be of such a 
strength that 25 to 50 o. c. are required to reduce 10 c. c. of the copper solution, is 
added from a burette as rapidly as possible, without risk of running in a excesa. 
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The bine color gradually changes and is replaced by the red color of the cuprous 
oxide formed. The latter is allowed to settle. The color of the solution when all 
the copper Ls precipitated should be clear pearl white. To determine the end point 
with greater exactness a little of the liquid is removed in a pipette, filtered, acidified 
with acetic acid and a drop of potassium ferro-cyanide added, which will strike a 
brownish-red color so long as copper remains in solution. 

The sugar solution is dilute<l to contain one per cent, of glucose. Fifty c. c. of 
this are heated to boiling for 2 to 4 minuten, with a quantity of undiluted copper 
solution, judged to be nearly that necessary for reduction. The liquid mixture is 
then thrown on a filter and the filtrate tested for copper with acetic acid and 
potassium ferro-cyanide. U the metal is present a new experiment is made with 
the same quantity of sugar solution and less copper solution, and so on, until in two 
consecutive experiments, differing by -jft,- c. c. copper solution, the filtrate of one 
shows copper while that of the other does not. 

Analyses. 



Cane Sugar. 
Glucose. 
Organic matter 
Ash. 
Water. 



West India, 
Raw. 

94.4 
2.2 
0.3 
0.2 
2.8 



Beet, Raw. 



95.4 
0.3 
0.4 
1.6 
2.0 



Good Cen- 
trifugal. 

96.50 
0.80 
0.60 
0.35 
1.75 



Fair Centri- 
fugal. 

92.50 
2.10 
1.65 
0.55 
3.20 



Refined. 



99.899 
none, 
none. 
0.023 
0.078 



Condiments. — These are rather adjuncts to food than foods proper, but they 
are of extreme value in rendering food more palatable, stimulating the appetite, 
supplying a necessary sub.stance and assisting in the preservation of food. 

Salt. — Salt, Na CI, is essential to man and the lower animals. It renders food 
more palatable, stimulates the sense of taste and increase the flow of saliva. It 
furnishes hydrochloric acid, an essential constituent of the gastnc juice, and sodium 
chloride, carbonate, etc., essential to the insolubility of the blood corpuscles. Vinegar 
flavors the liberation of hydrochloric acid from salt, forming with the sodium at 
first a neutral salt, sodium acetate, and then an alkaline salt, sodium carbonate, 
both of which seem to be important in the animal economy. The constant quantity 
of salt in the blood is an indication of its necessity ; it is probably an agent of 
difihsion, converting colloidal substances (albumen, etc.), into crystalloids, thus 
aiding absoiption and secretion. 

Pepper. — Pepper and spices have been in use in all ages and were always highly 

esteemed. The black and white pepper of commerce are prepared, by grinding, 

from the berry of Piper Nigrum, a shrubby, climbing plant, growing in the East 

Indies. In the latter the dark brown cuticle has been removed before grinding. 

12* 
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Pepper is adulterated with a multitude of substances, principally pepper dust, 
faded leaves, linseed meal, husks of mustard, ground rice, sand, flour, woody fibre, 
salt, etc., all of which are readily detected under the microscope. 

Vinegar, — Vinegar is an acid liquid produced by the acetous fermentation of 
saccharine substances or the oxidation of alcohol. 



Ci, H„ 0„ + H, = 2 C, H„ 0.. 

C. H„ Oe = 2 C, He + 2 CO.. 

C, He + 2 = 0, H, 0, + H, 0. 



Commercial vinegar is a more or less impure acetic acid, C, H^ 0,. Its use is to 
flavor food and stimulate the sense of taste ; it is also converted into carbonic acid 
and so far acts as a direct food. 

During the acidification the nitrogenous matter assumes the form of mother of 
vinegar, a living organism, Mycorderma Aceti, capable in itself ot producing the 
acetous fermentation. 

Vinegar must be kept in close casks as it is liable to undergo a putrefactive 
decomposition. This change is favored by a slight motion, hence, vinegar does not 
keep well in cellars exposed to vibrations such as are occasioned by the rattling of 
carriages. 

The principal impurities and adulterations of vinegar are water, mineral acids, 
generally sulphuric, metallic impurities (aisenic, copper, lead, zinc and tin), and 
organic coloring matters. 

Water renders the vinegar weak in its essential constituent. Its specific gravity 
should be 1.022, and it should contain five per cent, of acetic acid. The acidity is 
determined by adding an excess of carefully weighed pure calcium carbonate to^ a 
known weight of the vinegar ; the liquid is boiled, filtered, the residual calcium 
carbonate dissolved in slight excess of standard hydrochloric acid solution and 
titrated back with sodium hydrate, using litmus, or better, cochineal, asfan indicator. 
From the amount of carbonate thus found to have been unacted on by the vinegar, 
the total acidity is calculated. 

Hydrochloric acid is readily detected by the white, curdy precipitate produced 
with silver nitrate. Sulphuric acid cannot be detected by barium chloride, as this 
test fails to distinguish between free sulphuric acid and soluble sulphates. The 
total free mineral acid is determined by mixing 50 c. c of the vinegar with 25 c. c. 
of decinormal sodium carbonate solution ; the liquid is evaporated on a water bath 
in a platinum dish, the residue dried at 110° C and carefully incinerated at the 
lowest possible temperature — the ash need not be burned white. Twenty-five c. 
c. of a decinormal solution of sulphuric acid are now added to the ash, the liquid 
heated to expel free carbon dioxide and filtered. The filter is washed with hot 
water, litmus or cochineal added, and the acidity determined by decinormal sodium 
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carbonate solution. The volume necessary for neutralization directly gives the 
proportion of free mineral acid, 100 c. c. being equal to 0.49 gramme H, SO^. 

Metallic impurities are determined by saturating the liquid with sulphydric acid. 
A black precipitate indicates iron, copper or lead. After supersaturation with 
ammonia and subsequent addition of sulphydric atid, zinc is indicated by a white 
precipitate. Arsenic is detected by Marsh's test. 
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METRIC SYSTEM. 

MecuAirea of Length. 

Metre. Decimetre. Centimetre. Millimetre. 

. 1 = 10 = 100 = 1000 

1 = 10 = 100 

1 = 10 

1 Centimetre = O;3937079 Inch. 

1 Inch = 2.5399541 Centimetre. 

Measures of Surface, 
1 Square Inch = 6.4513669 Square Centimetres. 

1 Square Centimetre = 0.1550059 Square Inch. 

Measures of Capacity, 

Litre Decilitre or Centilitre or Millilitre or 

100 Cubic Centimetres. 10 Cubic Centimetres. Cubic Centimetre. 

1 = 10 =100 = 1000 

1 = 10 =100 

1 = 10 

1 Cubic Inch = 16.387534 Cubic Centimetres. 

1 Cubic Centimetre = 0.061022 Cubic Inch. 

1 Fluii Ounce = 29.568 Cubic Centimetres. 

1 Cubic Centimetre = 0.03331 Fluid Ounce. 

Measures of Weight, 

Gramme. Decigramme. Centigramme. Milligramme. 

1 = 10 = 100 = 1000 

1 = 10 = 100 

1 = 10 

1 Gramme = 15.432349 Grains. 

1 Grain = 0.064799 Gramme. 

Measures of Work. 
1 Kilogrammetre = 7.23352 Foot Pounds. 
1 Foot Pound = 0.13825 Kilogrammetres. 
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